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ILLINO IS AG RICULTURAL 
PESTICIDES CONFERENCE 87
39th Illinois Spray School
The Illinois Agricultural Pesticides 
Conference is an educational program 
sponsored by the following organizations:
Cooperative Extension Service 
College of Agriculture 
University of Illinois
Illinois Natural History Survey 
Illinois Department of Agriculture 
Illinois Agricultural Aviation Association 
Illinois Fertilizer and Chemical Association
The planning committee for the Illinois 
Agricultural Pesticides Conference '87 consisted 
of the following people:
Kevin Steffey and Fredric Miller
Extension Entomology, University of Illinois and 
Illinois Natural History Survey 
Loren Bode
Agricultural Engineering, University of Illinois 
Barry Jacobsen
Extension Plant Pathology, University of Illinois 
Ellery Knake
Extension Weed Science, University of Illinois 
John Masiunas
Extension Horticulture, University of Illinois 
Tony Fitzpatrick
Agricultural Communications, University of Illinois 
Larry Casey
Extension Adviser, Jasper County, University of 
Illinois
Bill Anderson and Tom Walker
Illinois Department of Agriculture 
George Wermert
Illinois Agricultural Aviation Association, 
Effingham
Lloyd Burling
Illinois Fertilizer and Chemical Association,
St. Anne
PROGRAM
TUESDAY, JANUARY 6,1987
ILLINOIS AGRICULTURAL AVIATION ASSOCIATION
Room 261, lllini Union
9:00 a.m. Welcome, G. Wermert
9:05 Aerial Application and Calibration of
Dry Materials, D. Gardisser
10:00 Business Meeting
12:00p.m Lunch
GENERAL SESSION
lllini Rooms A and B, lllini Union 
Barry Jacobsen Presiding
1:00 p.m. Welcome, K. Steffey
1:05 The Agribusiness Environment: 1987 
and Beyond, B. Kirk
1:35 Loading-Site Environmental Issues: 
Problems and Solutions, A.G. Taylor
New Developments from Industry
2:05 CIBA-Geigy, D. Taylor
2:15 Dow, R. Dorich
2:25 ICI Americas, G.Sexson
2:35 Stauffer, B. Hook
2:45 DuPont, R. McKelvey
2:55 PPG, R.Cole
3:05 Break
Loren Bode Presiding
New Developments from Industry
WEDNESDAY, JANUARY 7,1987 
lllini Rooms A, B, and C
3:20 p.m. Sandoz Crop Protection, G. Hoffman Kevin Steffey Presiding
3:30 American Cyanamid, F. Arnold
3:40 FMC, L. Dobbins
3:50 Monsanto, D.Schroeder
4:00 Mobay, J. Smith
4:10 BASF, B. Freed
4:20 Union Carbide, W.Striegel
4:30 Rohm and Haas, D. Edgecomb
4:40 Rhone-Poulenc, M. Vathakos
4:50 Uniroyal, E. Foland
5:00 Elanco, R. Schultz
5:10 Adjourn to the Special Smoker
SPECIAL SMOKER
lllini Room C, lllini Union 
5:15 p.m. to 7:00 p.m
This special smoker is sponsored by the 
Illinois Fertilizer and Chemical Association and is 
intended for you to meet the speakers, 
sponsors, and committee members in an 
informal atmosphere. If you have any questions 
for the speakers who made presentations on 
Tuesday or if you just want to visit with friends, 
please feel free to stop by and enjoy yourself.
8:00 a.m. Film - "Guardians of Water"
produced by Midwest Agricultural 
Chemicals Association
8:20 Welcome, K. Steffey
8:25 Keynote Session - "Pesticides,
Politics, and Public Issues"
8:25 Changes in FIFRA and Groundwater
Legislation
Dr. John A. Moore, Assistant 
Administrator for Pesticides and 
Toxic Substances,U.S. EPA
8:55 Industry's Perspective of the
Changes in FIFRA and Groundwater 
Legislation
Dr. Earl C. Spurrier, Vice President for 
Regulatory Affairs, National 
Agricultural Chemicals Association
9:25 Responsibility of Pesticide Users to
the Public: Implementation of Best 
Management Practices in Illinois 
Dr. Allan Felsot, Associate 
Professional Scientist, Illinois Natural 
History Survey
9:45 Questions and Answers
10:05 Break
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Pete Petty Presiding 2:02 p.m. The Yuppie Weed - Velvetleaf,
F. Roeth
10:20 a.m. Command: Outside the Target 
Area, W. Reynolds 2:17 Comparison of Postemergence 
Weed Control Equipment,
10:32 Recommendations for Minimizing D. Gardisser
Spray Drift Damage, L  Bode
2:32 Additives for Postemergence
10:44 Up-date on Corn Diseases, Herbicides - Snake Oils or Silver
B. Jacobsen Bullets? F. Koppatschek
10:54 Extended Diapause and Egg­
Hatching Patterns in Corn 
Rootworms, E. Levine
2:47
3:00
Untimely Weed Control - Is It Too 
Late? D. Anderson
Break
11:06 Rootworms in Corn After Soybeans? 
Suivey Results and Management
Suggestions, D. Kuhlman Kussei Ness presiding
11:21 Some Things Old, Some Things New 3:15 Highlights of Weed Science
in Weed Control, M. McGlamery Research for 1986, E.Knake
11:36 Pesticide Regulations - Where Are 3:30 Importance and Control of Foliar
We Going? T. Walker Diseasesin Alfalfa, W. Kirby
11:48 Nematicides: An Important Tool for 3:42 Weed Control for Forages and Grain
Soybean Cyst Nematode Sorghum, G. Kapusta
Management in the 1990s? 
T. Melton 3:57 Sampling Insects and Using Weather Information to Make Insect
12:00 m. Lunch Control Decisions, C. Guse
4:12 Windows of Opportunity for 
Perennial Broadleaf Weed Control,
George Wermert Presiding F. Roeth
1:00 p.m. Factors Affecting Crop Tolerance to 
Herbicides, R. Liebl
4:27 New Advances in Management of 
Grain Storage Molds, D. White
1:12 Corn Rootworm Control: Do We 
Have Any New Solutions?
4:42 Economic Injury Levels for Weeds, 
T. Beckett
M. Bergman 5:00 Adjourn
1:32 Corn Rootworm Larval Control -
Research and Management in 
Illinois, K.Steffey
1:47 Perspective on Seed Treatments 
and Foliar Fungicides for the Seed 
Corn Industry, W. Pedersen
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7:30 p.m. WEDNESDAY EVENING 
Room 314, lllini Union
Pesticide Applicator Training for Field Crop and 
Demonstration and Research Pest Control 
Categories.
Concurrent training sessions forthe field crop 
and research and demonstration pest control 
categories will be offered. Comprehensive 
training will include safe handling of pesticides, 
pesticide poisoning, pest identification, 
calibration, and laws and regulations. There will 
be no Genera! Standards training.
A person desiring to become certified as an 
applicator must first take and pass the General 
Standards examination before taking any of the 
applicator category examinations. Manuals 
and handout material will be available for self­
study.
THURSDAY, JANUARY 8,1987
Bill Anderson Presiding
8:30 a.m. New Developments in Wild Garlic
Control, R. Gast
8:42 Wheat Disease Management -
Perspective forthe 80s and Beyond, 
B, Jacobsen
8:54 Pyrethroid Ear Tags for Pastured
Cattle: Horn Fly Resistance in Illinois,
R. Weinzierl
9:09 Wireworm Management in Corn -
Status and Future, S. Briggs
9:21 Factors Affecting Herbicide
Persistence, B. Curran
9:33 Potential for Carryover of New
Soybean Herbicides, M. Loux
9:48 Slug Control in Corn, M. Bergman
10:00 Break
Larry Casey Presiding
10:15 a.m. Up-date on Soybean Diseases,
B. Jacobsen
10:30 How Are We Controlling Black 
Cutworms in Illinois? K. Kinney
10:45 Pesticide Poisonings - Recognition
and Prevention, D. Morgan
11:00 Soybean Phytophthora Root Rot
Management - Chemical or 
Cultural? W. Kirby
11:12 Optimizing Herbicide Performance,
D. Pike
11:24 Putting the Pieces Together -
Prescription Tank Mixes, J. Cantwell
11:39 Obtaining Uniform Spray Patterns
from Several Types of Nozzles,
S. Pearson
11:54 Economics of European Corn Borer
Control, K. Steffey
12:06 p.m. Adjourn
1:15- 4:30 p.m. THURSDAY ARERNOON 
Room 314, lllini Union
Pesticide Applicator Examinations
Written examinations for all commercial 
pesticide applicator pest control categories will 
be offered. General Standards examinations will 
also be available. A person may take as many 
examinations as he or she can complete during 
the allotted time period. A passing score of 70 
percent is required on both the General 
Standards and category examinations in order 
to become a certified applicator.
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PROGRAM PARTICIPANTS
Diane Anderson, Extension Assistant, Weed Science, 
Department of Agronomy, University of Illinois, 
Urbana ,IL
William Anderson, Bureau Chief, Bureau of Plant and 
Apiary Protection, Illinois Department of 
Agriculture, Springfield, IL 
Fred Arnold, Agriculturist, Agricultural Research
Division, American Cyanimid Co., Champaign, IL 
Tom Beckett, Graduate Research Assistant, Weed 
Science, Department of Agronomy, University of 
Illinois, Urbana, IL
Marlin Bergman, Assistant Professor of Entomology, 
Department of Entomology, Purdue University, 
West Lafayette, IN
Loren Bode, Professor of Agricultural Engineering,
Department of Agricultural Engineering, University 
of Illinois, UrbanaJL
Stephen Briggs, Assistant Entomologist In Integrated 
Pest Management, Office of Agricultural 
Entomology, University of Illinois and Illinois Natural 
History Survey, Champaign, IL 
John Cantwell, Graduate Research Assistant, Weed 
Science, Department of Agronomy, University of 
Illinois, UrbanaJL
Larry Casey, Extension Adviser - Agriculture, Jasper 
County, Cooperative Extension Service,
University of Illinois, Newton , IL 
Rick Cole, Biochemical Field Specialist, PPG Industries, 
Inc., Champaign, IL
Bill Curran, Assistant Agronomist in Integrated Pest 
Management, Weed Science, University of Illinois, 
UrbanaJL
Len Dobbins, Technical Service Manager,
AgriculturalChemlcal Group, FMC Corp., West 
Lafayette, IN
Rod Dorich, Technical Service and Development, 
Industrial Herbicides, Agricultural Products 
Department, Dow Chemical Co., Indianapolis, IN 
Don Edgecomb, Field Research Representative,
Rohm & Haas Co., Galesburg, IL 
Allan Felsot, Associate Professional Scientist, Section 
of Economic Entomology, Illinois Natural History 
Survey, Champaign, IL 
Ed Foland, Field Development Chemist, Crop 
Protection Division, Unlroyal Chemical Co., 
Champaign, IL
Brian Freed, Market Development Technical 
Representative, Agricultural 
Chemicals Group, BASF Corp., Dawson, IL 
Dennis Gardisser, Extension Agricultural Engineer, 
Department of Agricultural Engineering,
University ofArkansas, Little Rock, AR 
Roger Gast, Graduate Research Assistant, Weed 
Science, Department of Agronomy,
University of Illinois, Urbana, IL 
Charles Guse, Assistant Entomologist In Computer 
Application, Office of Agricultural Entomology, 
University of Illinois and Illinois Natural History 
Survey, Champaign, IL
George Hoffman, Product Development Field 
Representative, Sandoz Crop Protection, 
UrbanaJL
Barbara Hook, Product Development
Representative, Agricultural Chemicals Division, 
Stauffer Chemical Co., Urbana, IL 
Barry Jacobsen, Professor of Plant Pathology, 
Department of Plant Pathology, University of 
Illinois, Urbana, IL
George Kapusta, Professor of Plant and Soil Science, 
Weed Science, Southern Illinois University, 
Carbondale, IL
Karl Kinney, Assistant Research Biologist, Section of 
Economic Entomology, Illinois Natural History 
Survey, Champaign, IL 
H. Walker Kirby, Assistant Professor of Plant
Pathology, Department of Plant Pathology, 
University of Illinois, Urbana, IL 
William Kirk, General Director, Agricultural Products 
Division, E. I. DuPont de Nemours Co.,
Wilmington, DE
Ellery Knake, Professor of Weed Science,
Department of Agronomy,
University of Illinois, Urbana, IL 
Fritz Koppatschek, Graduate Research Assistant, 
Weed Science, Department of Agronomy, 
University of Illinois, IL
Don Kuhlman, Professor of Agricultural Entomology, 
Office of Agricultural Entomology, University of 
Illinois and Illinois Natural History Survey, 
Champaign, IL
Eli Levine, Assistant Professor of Entomology and 
Associate Entomologist, Office of Agricultural 
Entomology, University of Illinois and Illinois Natural 
History Survey, Champaign, IL 
Rex Uebl, Assistant Professor of Weed Science, 
Department of Agronomy, University of Illinois, 
UrbanaJL
ix
Mark Loux, Graduate Research Assistant, Weed 
Science, Department of Agronomy,
University of Illinois, Urbana, IL 
Marshal McGlamery, Professor of Weed Science, 
Department of Agronomy,
University of Illinois, Urbana, IL 
Robert McKelvey, Product Development 
Representative, Agricultural 
Chemicals Department, E. I. du Pontde 
Nemours & Co., Bloomington, IL 
Tom Melton, Assistant Professor of Plant Pathology, 
Department of Plant Pathology,
University of Illinois, Urbana, IL 
John Moore, Assistant Administrator for Pesticides and 
Toxic Substances, United States Environmental 
Protection Agency, Washington, D. C.
Don Morgan, M. D., Ph. D., Professor of Preventive 
Medicine, Institute of Agricultural Medicine and 
Occupational Health, Department of Preventive 
Medicine, University of Iowa College of 
Medicine, Iowa City, IA
Russel Ness, Anderson Farm Service, Inc., Newark, IL 
Steve Pearson, Extension Assistant in Agricultural 
Engineering, Department of Agricultural 
Engineering, University of Illinois, Urbana, IL 
Wayne Pedersen, Associate Professor of Plant 
Pathology, Department of Plant Pathology, 
University of Illinois, Urbana, IL 
H. B. "Pete" Petty, Professor Emeritus of Agricultural 
Entomology, University of Illinois and Illinois Natural 
History Survey, Champaign, IL 
David Pike, Associate Agronomist, Weed Science, 
Department of Agronomy, University of Illinois, 
Urbana, IL
Wally Reynolds, Extension Adviser - Agriculture,
Boone County, Cooperative Extension 
Service,University of Illinois, Belvidere, IL 
Fred Roeth, Extension Weed Specialist and Professor 
of Agronomy, University of Nebraska -Lincoln, 
South Central Research and 
Extension Center, Clay Center, NE 
Dan Schroeder, Product Development Associate, 
Monsanto Co., Decatur, IL
Rod Schultz, Plant Science Representative, Northeast 
Region, Plant Science Field Research, Elanco 
Products Co., Eli Lilly and Co.,
Mansfield, IL
Gary Sexson, Technical Service Representative, 
Agricultural Chemicals Division, ICI Americas 
lnc.,W ilmot,WI
John Smith, Regional Technical Manager, Agricultural 
Chemicals Division, Mobay Chemical Corp., 
Indianapolis, IN
Earl Spurrier, Vice President for Regulatory Affairs, 
National Agricultural Chemicals Association, 
Washington, D. C.
Kevin Steffey, Associate Professor of Agricultural 
Entomology, Office of Agricultural Entomology, 
University of Illinois and Illinois Natural History 
Survey, Champaign, IL
William Striegel, Field Development Representative, 
Union Carbide Agricultural Products Co., Morton, IL
A. G. Taylor, Agriculture Adviser, Illinois Environmental 
Protection Agency, Springfield, IL
T. Don Taylor, Field Research Representative, 
Agricultural Division, ClBA-GEIGY Corp., 
Thomasboro, IL
Mike Vathakos, Field Research and Development, 
Agrochemical Division, Rhone-Poulenc, Inc., 
Champaign, IL
Tom Walker, Administrative Assistant, Bureau of Plant 
and Apiary Protection, Illinois Department of 
Agriculture, Springfield, IL
Rick Weinzierl, Assistant Professor of Agricultural 
Entomology, Office of Agricultural Entomology, 
University of Illinois and Illinois Natural History 
Survey, Champaign, IL
George Wermert, President, Illinois Agricultural 
Aviation Association, Effingham Flying Service, 
Effingham, IL
Don White, Associate Professor of Plant Pathology, 
Department of Plant Pathology,
University of Illinois, Urbana, IL
x
Pesticide Training and Certification Clinics—1987
Registration will begin at 8:00 a.m. with training beginning at 8:30 a.m. 
TRAINING
A registration fee will be charged at each clinic, payable at the door.
No advance registration is required, except as noted on March 3, 17, 24, and 25. 
On those dates, pre-registered individuals may be given seating priority for 
training and testing.
There will be no General Standards training at the category training clinics. 
Separate clinics are offered for General Standards.
Commercial applicator category training clinics will be given for field crops, 
seed treatment, ornamentals, turf, mosquito, and right-of-way (only ornamentals 
and turf in northeastern Illinois).
Study guides can be purchased from county Cooperative Extension offices and from 
the University of Illinois office in Champaign. They will also be available at 
each clinic. Illinois Pesticide Applicator Study Guides are available for 
General Standards, and Category manuals are available for Turf, Ornamentals, 
Field Crop, and Aquatic Weed categories.
TESTING
Testing will begin at 1:00 p.m. and be completed by 4:00 p.m. Tests will be 
graded and results made available immediately after testing.
For testing sessions, please bring your most current license or all past test 
results.
There is no charge for taking the examinations.
You must pass the General Standards Certification examination before you will be 
allowed to take a category examination.
All category tests will be available at General Standards Clinics (except in 
northeastern Illinois).
The Illinois Department of Agriculture administers the general standards and 
category examinations. Illinois law requires a person who applies a pesticide 
for hire outside of a structure to be licensed by the Illinois Department of 
Agriculture.
xi
Questions concerning testing, certification, and licensing, should be sent to 
Bill Anderson, Illinois Dept, of Agriculture, State Fairgrounds, Springfield, IL 
62708-4906. Telephone: (217) 785-2427. Jim Cavanaugh can be contacted at (312)
990-8256 by those in northeastern Illinois.
The University of Illinois Cooperative Extension Service writes the study guides 
and teaches the training sessions.
Study guide purchase requests and questions concerning the pesticide training 
clinics should be sent to Fredric Miller, University of Illinois, 172 Natural 
Resources Building, 607 E. Peabody Dr., Champaign, IL 61820. Telephone: (217)
333-6650. In northeastern Illinois, contact Phil Nixon at (312) 990-0760.
1987 PESTICIDE TRAINING AND CERTIFICATION CLINICS
(Except for Northeastern Illinois)
Date Training Citv Location. Time. Fees
Jan 7 Field Crop and 
Research and 
Demonstration
Urbana Spray School, Rm. 314, Illini Union 
7:30 p.m., Testing on January 8, 
Room 314, 1:15 p.m.
Jan 13 General Standards Ottawa Pitstick Pavilion, 4 mi. N of 1-80 
on Rt. 23, 8:30 a.m., $10.00 
Registration
Jan 14 General Standards Jacksonville American Legion Hall, 903 W. Superior, 
8:30 a.m., $10.00 Registration
Jan 15 General Standards Mt. Vernon Community Center, City Park, 27th & 
Logan, 8:30 a.m., $10.00 Registration
Feb 9 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Dixon Brandywine Best Western, 2 mi. W on 
Rt. 2, 8:30 a.m., $10.00 Registration
Feb 10 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Springfield Regional Extension Office, State 
Fairgrounds, 8:30 a.m., $10.00 
Registration
Feb 11 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Fairview Hts. Ramada Inn, 1-64 & Rt. 159, 
8:30 a.m., $10.00 Registration
Feb 23 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Champaign Round Barn, 1 Blk. W of Mattis Ave., on 
Springfield Ave., 8:30 a.m., $10.00 
Registration
Feb 24 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Ottawa Pitstick Pavilion, 4 mi. N of 1-80 on 
Rt. 23, 8:30 a.m., $10.00 Registration
xii
Feb 26 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Marion Holiday Inn, 1-57 and Rt. 13W, 
8:30 a.m., $10.00 Registration
Mar 9 General Standards Dixon Brandywine Best Western, 2 mi. W on 
Rt. 2, 8:30 a.m., $10.00 Registration
Mar 10 General Standards Springfield 111. Dept. Agriculture Bldg., State 
Fairgrounds, 8:30 a.m., $10.00 
Registration
Mar 11 General Standards Marion K.C. Hall, 100 Columbus Rd., 
8:30 a.m., $10.00 Registration
Apr 1 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Ottawa Pitstick Pavilion, 4 mi N of 1-80 on 
Rt. 23, 8:30 a.m., $10.00 Registration
Apr 2 Field Crop, Turf, 
Ornamentals, Seed 
Treatment
Springfield Regional Extension Office, State 
Fairgrounds, 8:30 a.m., $10.00 
Registration
Apr 7 Right-of-Way,
Mosquito
Rockford Clock Tower Hotel, 1-90 & Business 20, 
8:30 a.m., $10.00 Registration
Apr 8 Right-of-Way, 
Mosquito
Springfield 111. Dept. Agriculture Bldg., State 
Fairgrounds, 8:30 a.m., $10.00 
Registration
Apr 9 Right-of-Way,
Mosquito
Murphysboro Cooperative Extension Office, 
8:30 a.m., $10.00 Registration
Apr 21 General Standards Rockford Clock Tower Hotel, 1-90 & Business 20, 
8:30 a.m., $10.00 Registration
Apr 22 General Standards Normal Sheraton Hotel, 1-55 & U.S. 51, 
8:30 a.m., $10.00 Registration
Apr 23 General Standards Fairview Hts. Ramada Inn, 1-64 & Rt. 59,
8:30 a.m., $10.00 Registration
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1987 NORTHEASTERN ILLINOIS PESTICIDE TRAINING & CERTIFICATION CLINICS
Date______Training____________City____________Location, Time, Fees
Feb 17 General Standards Waukegan Lakehurst Mall, June. 111. 43 & 120, 
8:30 a.m., $5.00 Registration
Feb 25 General Standards Crystal Lake Hob Nob II Restaurant, June. Rt. 14 & 
31, 8:30 a.m., $5.00 Registration.
Mar 3 General Standards Glencoe Chicago Botanic Garden, Lake-Cook Rd., 
8:30 a.m., $5.00 Registration, Pre­
registration required, call (312) 
991-1160
Mar 5 Turf, Ornamentals Glencoe Chicago Botanic Garden, Lake-Cook Rd. 
8:30 a.m., $5.00 Registration
Mar 17 General Standards Alsip Holiday Inn, June. 127th St. & 1-294, 
8:30 a.m., $5.00 Registration, pre­
registration required, call (312) 
532-4369
Mar 24 General Standards Joliet Holiday Inn, Larkin Ave. & 1-80, 
8:30 a.m., $5.00, Pre-registration 
required, call (815) 727-9296
Mar 25 Turf, Ornamentals Joliet Holiday Inn, Larkin Ave. & 1-80, 
8:30 a.m., $5.00, Pre-registration 
required, call (815) 727-9296
Apr 7 General Standards Glencoe Chicago Botanic Garden, Lake-Cook Rd., 
8:30 a.m., $5.00 Registration
Apr 9 Turf, Ornamentals Glencoe Chicago Botanic Garden, Lake-Cook Rd., 
8:30 a.m., $5.00 Registration
Apr 28 General Standards Wheaton DuPage Co. Fairgrounds, Manchester Rd. 
8:30 a.m., $5.00 Registration
Apr 30 Turf, Ornamentals St. Charles Kane Co. Extension Office, 535 Randall 
Rd., 8:30 a.m., $5.00 Registration
Jun 2 Testing only Wheaton DuPage Co. Fairgrounds, Manchester Rd.
8:30 a.m., All Tests Available
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Workshops Offered in 1987
THIRTEENTH ANNUAL ILLINOIS CROP PROTECTION WORKSHOP
Extension specialists and research personnel with the University of Illinois, College 
of Agriculture, and the Illinois Natural History Survey are offering a Crop 
Protection Workshop from March 11 to 13, 1987, at the University of Illinois Illini 
Union, Urbana. Advance registration will be required.
The objectives of the workshop are to give in-depth training in diagnosing pest 
problems, troubleshooting in the field, and identifying insect, weed, and disease 
pests, as well as life cycles, thresholds, plant nutrient deficiencies, and other 
factors that affect crop production decisions.
Specialists in entomology, weed science, agronomy, plant pathology and agricultural 
engineering from the University of Illinois and the Illinois Natural History Survey 
will conduct training sessions on the above topics. Out-of-state speakers will also 
give presentations on subjects of particular interest. About eighteen hours will be 
spent in group sessions.
The registration fee for the workshop is $40 and will include the cost of the 
workshop but will not cover meals or lodging. Further information about the workshop 
can be obtained at the registration desk at the Illinois Agricultural Pesticides 
Conference or from Stephen P. Briggs, 172 Natural Resources Building, 607 East 
Peabody Drive, Champaign, Illinois 61820 (Phone: 217/333-6651).
FIELD CROP PEST MANAGEMENT SCOUT TRAINING SCHOOLS
Two sessions of a pest management scout training short course will be offered in 
1987. These short courses are being offered at two separate times to accommodate 
those persons who will monitor field crops for pest problems. The courses will be 
taught by Extension specialists in weed science, agronomy, entomology, and plant 
pathology from the University of Illinois and the Illinois Natural History Survey.
The dates of the short courses are:
Scout School I--March 16-17, 1987
Scout School II--March 18-19, 1987
The material presented will be identical for both sessions. Further information 
about the workshop can be obtained at the registration desk at the Illinois 
Agricultural Pesticides Conference or from Stephen P. Briggs, 172 Natural Resources 
Building, 607 East Peabody Drive, Champaign, Illinois 61820 (Phone: 217/333-6651).
ENTOMOLOGY WORKSHOP
Extension specialists and research scientists from the University of Illinois and 
Illinois Natural History Survey will be offering an advanced entomology short course 
on the Urbana-Champaign campus July 28 to 29, 1987.
The primary emphasis of the 2-day course is to provide in-field training on a number 
of entomological techniques. Approximately one-half of the time will be spent in the 
field. Some of the topics that will be covered include sampling insects in narrow-
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and wide-row soybeans, determining defoliation levels in soybeans, sampling rootworm 
beetles, evaluating rootworm insecticides, scouting for European corn borers, 
sampling for potato leafhoppers, and observing stored grain pest control experiments. 
Some of the classroom discussions will involve computer simulation models for insect 
development, the identification of major and minor insect pests of field crops, and 
the natural biological control agents.
A registration fee of $35 will include the cost of the workshop but will not cover 
meals or lodging. Optional materials available to the participant will include a 
sweep net, beat-cloth, hand lens, and numerous publications.
Class size will be limited to 30 people, so advance registration will be required. 
Further information about this short course can be obtained at the registration desk 
at the Illinois Agricultural Pesticides Conference or from Stephen P. Briggs,
Illinois Natural History Survey, 172 Natural Resources Building, 607 East Peabody 
Drive, Champaign, Illinois 61820 (Phone: 217/333-6651).
WHICH WORKSHOP IS FOR YOU?
Each year a number of people inquire about the difference between the crop protection 
workshop and the pest management scout training short course.
The Crop Protection Workshop is intended for those individuals who are concerned with 
the research that goes into pest management. Topics presented represent the current 
research and ideas that will provide the basis for future pest management decisions. 
Farmers, agribusiness people, and Extension advisers represent the largest portion of 
the 300 people in attendance.
The Field Crop Pest Management Scout Training schools are intended for those who wish 
to learn the what, how, where, and when of field crop scouting. The lab sessions are 
approximately four hours each and cover in depth the identification of weeds, 
insects, and plant diseases and the procedures needed to accurately scout and report 
the findings. Farmers and field scouts employed by private consultants comprise the 
largest segment of the audience.
If you are still unsure about which workshop to attend, contact Stephen P. Briggs, 
Illinois Natural History Survey, 172 Natural Resources Building, 607 East Peabody 
Drive, Champaign, Illinois 61820 (Phone: 217/333-6651).
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Command: Outside the Target Area
W. Reynolds
The pesticide target area may be defined as the area at which a pesticide is 
directed. Pesticide drift, whether it be particle drift or vapor drift, is the 
movement of the pesticide outside the target area during or shortly after 
application.
Pesticide drift was not something new in 1986. For a number of years many of us 
have seen drift effects on plants susceptible to 2,4-D, Banvel, and other herbi­
cides. It is also likely that pesticide drift that we are unaware of occurs from 
other pesticides that show no visible effects on plants.
Command was available in limited supplies to soybean growers in 1985, and it was 
generally available in 1986. Its increased availability increased the potential 
for problems, because Command was applied by more applicators and over a wider 
range of soil and weather conditions. In 1986, some individual growers who had 
minor or insignificant drift problems in 1985, and who used the same method of 
application in 1986, experienced a significant problem with Command drifting to 
neighboring field crops, lawns, ornamental and fruit plants, and vegetable 
gardens.
The effect of Command on plants both on target and off target is striking. It 
inhibits the production of chlorophyll and the pigments that protect chlorophyll, 
interrupting the plant's photosynthesis process and resulting in a yellowing or 
whitening of the plant's foliage.
The application precaution section of the Command label warns of potential 
particle or vapor drift to susceptible plants. Because soil incorporation will 
minimize Command vapor drift, incorporation will be a requirement in 1987.
Command will be labeled in tank mixes only with Lexone or Sencor and not with 
Amiben or Lorox.
The volatility of the product was a concern to some researchers working with 
Command. However, it was not believed to be an actual economic concern in most 
areas because no permanent damage was caused, and affected plants grew out of the 
damage in a matter of days. The magnitude of the 1986 drift problem was not 
anticipated.
Boone County is in the northern part of Illinois bordering Wisconsin. Approxi­
mately 90 percent of the land area is in farms. There is one town, two incorpo­
rated and two unincorporated villages, and 43 rural nonfarm developments. The 
total population is approximately 28,000.
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The following comments are based primarily on my observations of the Command drift
problem in my area of the state,
1. Vapor drift appeared to be the major factor. In May 1985, Belvidere 
recorded precipitation on 12 days. The heaviest single daily amounts were 
0.72 inch on May 4 and 0.67 inch on May 14. A total of 2.46 inches was 
recorded during the month. In May 1986, Belvidere recorded 14 days of 
precipitation. The heaviest single daily amounts were 0.85 inch on May 15 
and 1.97 inches on May 17. The monthly total was 4.48 inches.
Volatilization of Command appeared to be most likely to occur when the 
herbicide was surface applied to wet soils. A summary of results of 
studies conducted in 1985 and 1986 by S.J. Halstead and R.G. Harvey at the 
University of Wisconsin indicates that off-site movement from applications 
made to wet soil was from 30 to 65 percent greater than from applications 
made to dry soil. The differences in the date of application, the amounts 
of precipitation, and the occurrence of soil surface wetting most likely 
had an effect on the volatilization differences between the two years.
The vapor affected plants as far as a mile from the target area. House 
plants inside homes were reported to be affected. Halstead and Harvey 
reported that the distance of off-site movement increased as the herbicide 
application rate and the size of the treated area were increased.
In one case, effects were seen on tomato plants planted in a garden 5 days 
following a preemergence application of Command in an adjacent field. No 
rain fell during this 5 day period to incorporate the herbicide. Accord­
ing to the 1985 Wisconsin study, limited vapor movement may occur up to 2 
weeks after application.
Initial visible symptoms on various kinds of plants in the same area 
differed. Differences in plant susceptibility were noted. Boxelder, 
choke cherry, poplar, locust, and ash trees, as well as lettuce, spinach, 
radish, grapes, raspberries, and roses are highly susceptible. Corn is 
relatively tolerant. Alfalfa was affected, but appeared to be more 
tolerant than the clovers. Oat varietal differences were observed.
2. Particle drift was a contributing factor. In some cases applicator booms 
were too high, spray droplets were too small, and the wind seemed to blow 
every day in the spring. On some days, equipment in the field created 
clouds of dust, but there were no soil-blowing winds in the spring of 
1986. ' .
3. The method of application was another important factor. The occurrence of 
drift injury and the distance the herbicide traveled from the target area 
appeared to be greatest with preemergence applications. Movement was 
minor where the herbicide was applied and incorporated in a single trip. 
However some effects were noticed on field edges that most likely received 
some direct spray or particle drift.
The Wisconsin study suggested that incorporation was most effective when 
soils were relatively dry. Preliminary results suggest that there is no 
difference in off-site movement from dry soils where the herbicide was 
incorporated immediately or within 5 hours after application. Overall,
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immediate incorporation to dry soil reduced off-site movement by 75 to 95 
percent compared to surface applications to wet soil.
Most agronomic crops recovered within 2 to 4 weeks after the injury first 
appeared. Several days of cloudy overcast skies most likely slowed the 
metabolism of the chemical by the plant.
Some ornamentals such as roses, ash trees, and locust trees recovered very 
slowly. There was a loss in canes in some small fruit plantings, no new 
growth was produced on some ornamental shrubs, and the foliage on some 
locust trees remained bleached throughout the summer. It is anticipated 
that most of these affected plants will recover, but their exact future is 
unknown.
Some weeds such as hemp dogbane and ragweed that were emerged at the time 
of application were still off-colored as of September 1.
Command is an excellent herbicide, and growers were generally very 
satisfied with their weed control results. Volatility of the product may 
not cause significant economic loss in most cases. However nontarget 
injury may be a major concern of many growers, non-farm residential 
homeowners, local agricultural chemical dealers, and custom applicators.
At least one grower was critical of the herbicide company and of the 
Cooperative Extension Service for failing to inform growers of the 
potential for drift problems.
Issues and concerns about agricultural chemicals both inside and outside 
the target area is not new. Cooperation between the private and public 
sectors have resolved or minimized many of the potential problems of the 
past. I am positive that by working together we can also resolve problems 
of the present and future.
Recommendations for Minimizing Spray Drift Damage
L. Bode and S. Pearson
When applying pesticides there is always a chance they will escape from the target 
area. Drift is of concern primarily because it removes the chemical from the 
intended target, which makes it less effective, and deposits the chemical where it 
is not needed and often not wanted. The second concern is generally the most 
critical, because the pesticide becomes an environmental pollutant in the off- 
target area. Off-target deposits can injure susceptible vegetation, damage 
wildlife, and contaminate water supplies. Costly problems can result when 
carelessly applied pesticides (especially herbicides) drift and cause damage to 
economically important crops. Although drift cannot be completely eliminated, the 
use of proper equipment and spraying techniques will maintain drift deposits 
within acceptable limits.
The primary way to control drift is to read the pesticide label. Instructions on 
the label are given to ensure the safe and effective use of pesticides with 
minimal risk to the environment. Chemical company surveys indicate that approxi­
mately two-thirds of drift complaints involved application procedures known to be 
"off-label."
There are two ways that pesticides move downwind to cause damage: particle drift 
and vapor drift. Particle drift is the off-target movement of spray particles 
formed during application. A number of equipment and environmental considerations 
can affect particle drift, several of which can be controlled. The larger 
particles that move off-target (generally 50 to 150 microns in diameter) remain 
airborne for only a short time (less than 30 seconds) and deposit in relatively 
short distances (usually less than 30 feet with ground rig applications).
Particles less than 50 microns will evaporate rapidly and move readily with 
vertical and horizontal air motion. Depending on local weather conditions, these 
particles can be displaced for considerable distances, but their movement is 
difficult to predict.
Vapor drift is associated with the volatilization of pesticide molecules and their 
movement off-target, making drift independent of the application. The vapor drift 
potential of a pesticide can be predicted by its vapor pressure in relation to air 
temperature, the size of the treated area, and climatic conditions. Most investi­
gations show that the distances that vapor can travel are much greater than the 
distances traveled by particle drift of nonvolatile pesticides. Because the 
volatilities of pesticides are generally known, appropriate formulations can 
generally be used that will not produce unacceptable off-target effects. Some 
herbicides will volatilize rapidly from moist soil. Many, such as the DNAs, do 
not have postemergence activity and will not cause visual off-target damage to 
desirable vegatation, but other herbicides such as Command will cause injury
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symptoms to show dramatically even at extremely low concentrations. It is 
important that these herbicides are not applied to wet soils.
Techniques used when applying pesticides greatly determine the amount of spray 
drift that occurs. The type of nozzle, pressure, height and spray volume all 
affect the off-target movement. The ability to reduce drift is no better than the 
weakest component in the spraying procedure.
Nozzle type must be selected depending on the potential for drift. Of the many 
nozzle types available for applying pesticides, a few are specifically designed 
for reducing drift. The Raindrop nozzle, for example, is a hollow cone nozzle 
with a secondary swirl chamber at the tip. The manufacturer estimates the exit 
pressure is less than 5 psi when the line pressure is 40 psi, and less than 1 
percent of the spray volume is contained in droplets smaller than 100 microns in 
diameter. The nozzles should be oriented at an angle of 15 to 30 degrees from 
vertical and operated within a pressure range of 20 to 40 psi.
The low-pressure flat fan nozzle is also designed to reduce drift. The nozzle 
produces a full fan angle at pressures as low as 10 psi. In direct comparisons, 
the regular flat fan nozzle produced about twice the spray drift deposits as did 
the low-pressure flat fan nozzle. Flooding nozzles are commonly used for herbi­
cide application. For effective drift control, low boom height and low pressure 
are required. Pressure should be maintained within 15 to 25 psi.
Spray height is an important factor in reducing drift losses. The closer the boom 
is kept to the ground, the less chance of drift. Correct spray height for each 
nozzle type is determined by nozzle spacing and spray angle. Wide-angle nozzles 
can be placed closer to the ground than can nozzles producing narrow spray angles. 
On the other hand, wide-angle nozzles also produce smaller droplets, a considera­
tion which partly offsets the advantages of lower boom height.
Spray volume is a means of minimizing drift. Increasing the spray volume results 
in larger droplets that are less likely to move off-targrt. The only effective 
means of increasing spray volume is to increase the nozzle size. Increasing the 
pressure or adding more nozzles on a boom will result in more fine particles being 
produced and actually increase drift. In windy conditions, increasing water 
volumes from a normal 15 or 20 GPA to 25 or 30 GPA by using larger nozzles will 
reduce the potential of damage due to drift deposits.
Weather conditions can have a major impact on the amount of off-target drift. 
Meteorological factors that affect drift include wind speed (the most critical 
factor) and wind direction, temperature, relative humidity, and atmospheric 
stability. The greater the wind speed, the farther off-target small droplets will 
be carried. The maximum wind speed for safely applying pesticides cannot be 
given, because a number of other factors also influence the amount of drift. For 
example, an application made in a 1 or 2 mph breeze in which a large number of 
small drops are applied may result in more drift than an application made in a 10 
mph wind utilizing good drift control procedures. Another consideration in 
determining a maximum wind speed is the presence of sensitive crops immediately 
downwind. Temperature and humidity also influence drift loss and must be con­
sidered along with the wind conditions. Common sense and good judgement are 
important in assessing a maximum wind speed for a given application.
Wind direction relative to sensitive crops is also important in minimizing damage 
from drift. Applicators often overlook the presence of sensitive vegetation
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downwind. Leaving a buffer zone at the downwind edge of a field will greatly 
reduce damage to sensitive plants. After the wind has died down or changed 
direction, the buffer zone can be sprayed safely.
Temperature and humidity also affect the amount of drift that occurs through 
evaporation of spray particles. Although some evaporative loss of spray occurs 
under all atmospheric conditions, these losses are less pronounced in cool and 
damp conditions. Temperature also influences atmospheric air turbulence, stabil­
ity, and inversions.
Atmospheric stability is determined by measuring the vertical temperature and wind 
profiles. Under standard conditions, the temperature decreases by 5.4 degrees F 
for every 1,000 feet increase in height. Under this normal "lapse," the air is 
unstable because of air turbulence, and vertical mixing occurs in the atmosphere. 
Under these conditions, the opportunity for off-target crop injury is very small, 
because the pesticide is diluted out into the atmosphere.
On the other hand, problems can arise when the atmosphere is highly stable. Small 
suspended particles do not rise, but remain confined to the lower layers of air. 
Because these particles do not dissipate vetically, they hang together as a cloud 
that can drift off-target and injure sensitive plants. Because it is difficult to 
determine the direction and amount of drift under stable conditions, it is 
recommended not to spray if the air is calm. The presemce of stable atmosphere or 
"inversion" can be recognized by observing a column of smoke. If the smoke 
doesn't dissipate, or if it moves downwind without vertical mixing, conditions are 
not good for spraying. The best way to avoid drift associated with atmospheric 
conditions is to eliminate the formation of small (100 micron or smaller) parti­
cles from the spray. Without these particles in the spray, weather stability 
factors can essentially be ignored.
One of the best tools available for minimizing drift damage is the use of spray 
thickeners to increase the spray droplet size. Tests indicate that downwind drift 
deposits are reduced from 50 to 80 percent with the use of thickening agents. A 
number of thickening agents are available commerically, but they must be mixed and 
applied according to label directions in order to be effective. Thickening agents 
cost about 50 cents per acre to use. They do not eliminate drift, however, and 
common sense must still remain the primary factor in reducing drift damage.
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SUMMARY OF RECOMMENDED PROCEDURES FOR REDUCING DRIFT DAMAGE
Recommended Procedure____
Select nozzle type that 
produces course droplets
Use lower end of pressure 
range
Lower boom height
Increase spray volume
Spray when wind speeds are 
less than 10 MPH and 
moving away from sensitive 
plants
Do not spray when the air 
is completely calm or an 
inversion exists.
Use a spray thickener when 
needed
___________Example_______
Raindrop, low-pressure 
flat fan, flooding
Use 20 to 40 psi for 
Raindrop. Less than 25 
psi for other nozzle 
types.
Use as low boom height as 
possible to maintain 
uniform distribution.
Use drops for systemic 
herbicides in corn.
If normal gallonage is 15 
to 20 GPA, increase to 25 
to 30 GPA.
Leave a buffer zone if 
sensitive plants are 
downwind. Spray buffer 
zone when wind changes.
Inversions generally 
occur in early morning or 
near bodies of water.
Several long-chain 
polymers are available.
___________ Explanation
Use as large droplets 
as practical to provide 
coverage necessary
Higher pressures generate 
many more small droplets 
(less than 100 microns).
Wind speed increases with 
height. A few inches 
lower boom height can 
reduce off-target drift.
Larger capacity nozzles 
will reduce spray 
depositing off-target.
More of the spray volume 
will move off-target as 
wind increases.
Calm air or inversions 
reduce air mixing, and 
spray can move slowly 
downwind
Thickeners increase the 
average droplet size 
produced by nozzles.
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Update on Corn Diseases
B. Jacobsen, D. White, and W. Pedersen
While yield losses from corn diseases in 1986 were near the average of the last 
30 years, ranging from 0-10 percent, several diseases were more prevalent than in 
the last 10 years. These include northern corn leaf blight (NCLB) (races 1 and 
2), Helminthosporium carbonum (races 2 and 3) Diplodia stalk and ear rot, and 
southern rust. Other diseases common in 1986 include common smut, anthracnose 
stalk rot, Gibberella or Fusarium stalk rot, southern corn leaf blight (SCLB) 
(race 0), and common rust.
More nematode problems were observed in 1986 than ever before. However, we do 
not believe this represents an increase in nematode problems, but rather an 
increased awareness on the part of producers, fieldmen, and scouts. The large 
number of stunted seedlings encountered in the spring of 1986 resulted in many 
more samples submitted to the Plant Clinic. The most common nematode problems 
identified were caused by root lesion, lance, dagger, and needle nematodes.
Stalk-rot problems were severe in 1986. Severe lodging was due not to stalk-rot 
fungi alone, but also to the combination of widespread damage from European corn 
borers and stalk-rot fungi acting together. Plants commonly died prematurely 
from stalk rot but remained standing due to the strength of the stalk rind, which 
was better than average this year.
The Section 18 labeling of Mertect 340F for use in Illinois on stored corn in 
1986 marked a new era in management of grain storage molds. This research is 
discussed in depth by Dr. Don G. White in this volume. The use of this 
postharvest fungicide treatment provides a valuable new tool to be used with the 
traditional management tools of minimizing physical damage, aerating, and 
managing grain moisture levels and temperatures to minimize mold growth. The use 
of a postharvest fungicide, such as Mertect 340F, allows corn producers to dry 
corn more economically and maintain higher grain quality. This tool allows for 
safe, low-temperature drying, even during warm, wet falls.
Grain quality and dockage due to "blue-eye" and other mold damage was of great 
concern as corn moved from farm bins to CCC storage this fall. Damage was done 
primarily by members of the fungal genera Aspergillus and Penicillium. Many 
growers suffered severe financial losses from mold dockage by elevator operators. 
These losses could have been avoided by proper grain management techniques and by 
monitoring the grain for signs of mold growth during the storage period. Early 
signs of mold activity include crusting (usually at the top of the bin), heating, 
and musty odors. Once molds are active, the only way to stop further damage is
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to dry the grain to less than 13 percent moisture. Below 13 percent moisture, 
storage mold fungi are unable to grow.
The sprouting of grain on ears of corn following the extended warm, wet weather 
in September will cause severe storage problems unless the grain is dried to less 
than 13.5-14 percent. Sprouting was due to rewetting of grain that had dried to 
15-16 percent or to activity of the Diplodia ear-rot fungus. The Diplodia 
fungus, as well as other ear-rot fungi, produce compounds that cause kernels to 
germinate on the ear. This induced premature germination is called "vivipary."
Ear rot due to Aspergillus, Penicillium, Cladosporium, Helminthosporium or 
Trichoderma was common on corn damaged by hail or insects. At the time of this 
writing (early October), the only aflatoxin problems identified are on hail- 
damaged corn in southwestern Illinois. Aflatoxins were not found in undamaged 
corn from this area. As with sprout-damaged corn, this grain is a high storage 
risk if the moisture is 14 percent or more.
The combination of sprouting, ear-rot damage, and a warm, wet fall make the 1986 
crop one of the highest storage risk crops in recent years.
Diplodia stalk and ear rot were more common in 1986 than in any of the previous 
15 years. The environment was only marginally favorable for the development of 
the disease, but the extensive use of reduced tillage and reduced rotation 
because of government programs resulted in a greater buildup of inoculum than in 
recent years. Reduced tillage and lack of crop rotation are important to the 
buildup of Diplodia inoculum, because corn is its only host plant. Where clean 
tillage is coupled with crop rotation, the Diplodia fungus dies out between corn 
crops.
The presence of widespread damage from NCLB in 1986 is particularly disturbing, 
because resistance to both race 1 and race 2 is available in the form of poly­
genic or single gene (HT) resistance. Before the introduction of resistance in 
the early 1960s, this disease caused annual yield losses that averaged nearly 10 
percent, with losses occasionally being more than 20 percent. Illinois seedsmen 
and producers need to be aware that the presence of large amounts of inoculum 
from 1986, when coupled with continued widespread planting of susceptible hybrids 
and a wet growing season in 1987, will lead to severe yield losses. Producers 
and others should be aware that heavy rainfall is not necessary for rapid disease 
development. Heavy dews that occurred during August 1986 (a low rainfall month) 
allowed rapid and widespread buildup of NCLB. Other factors that will limit NCLB 
damage are crop rotation, clean plowing, and maintenance of adequate potash 
fertility.
Leaf blights caused by races of Helminthosporium carbonum were damaging only in 
seed production fields, with the most severe losses occurring on the B73 inbred. 
This fungus can damage hybrids, and it is important that breeders work on resis­
tance, that crop rotations be used, and that fields be scouted regularly to iden­
tify disease loss potential for the current year and risk for the coming year.
Damage from southern rust was so severe in many fields that it was misidentified 
as Helminthosporium carbonum leaf spot. The risk of this disease in 1987 is 
unknown because the southern rust fungus must overwinter in the far south and 
blow into Illinois each year. The time of arrival determines damage. This year 
spores arrived in early July.
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The increasing use of reduced tillage has increased the incidence of a number of 
diseases including SCLB, NCLB, gray leaf spot, HelmLnthosporium carbonum leaf 
spot, Goss's bacterial wilt, and eyespot. Corn producers should be aware that 
they can control these diseases without clean plowing, but they must utilize an 
integrated control program including scouting, resistant varieties, rotation, 
adequate fertility, and control of other pests.
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Extended Diapause and Egg-Hatching Patterns
in Corn Rootworms
E. Levine
Western corn rootworms, Diabrotica virgifera virgifera, and northern corn 
rootworms, Diabrotica barberi, are the most serious insect pests of corn in 
Illinois. Adults lay the vast majority of their eggs in the soil of cornfields 
during August and September; they lay very few eggs in other crops. The eggs 
overwinter in the soil and begin hatching in spring. If corn is planted in a 
field infested with corn rootworm eggs, the larvae that emerge from the eggs 
immediately begin feeding on the plant roots. Such feeding often causes plants to 
lodge, which, in turn, leads to physical losses in yield, because lodged plants 
are more difficult to harvest. Rootworm feeding can also cause physiological 
yield losses because the damaged plants usually produce smaller ears.
Because rootworm larvae cannot survive on roots of crops such as soybeans, 
alfalfa, or wheat, the management practice of crop rotation is strongly rec­
ommended to control these pests. Where continuous corn is grown, soil insec­
ticides are used to protect the root systems from rootworm feeding. Currently two 
to three million acres of continuous corn and seven to eight million acres of 
rotational corn (primarily corn following soybeans) are grown each year in 
Illinois. While 95 percent of the continuous corn acreage is treated with a soil 
insecticide at planting (principally to control rootworms), only 15 percent of the 
acreage of corn following soybeans is similarly treated. Therefore, the man­
agement practice of crop rotation greatly reduces pesticide loads in the envi­
ronment. In addition, by using insecticides only when they are needed, corn 
growers can slow the development of resistance to insecticides in the rootworm 
population (Felsot 1985) and reduce the selection for and growth of microbial 
populations that degrade soil insecticides (Felsot et al. 1982, 1985).
Chiang (1965) reported that in a sample of 676 northern corn rootworm eggs taken 
from a field in Minnesota in the fall of 1962 and placed in screen cylinders that 
were left undisturbed through two winters in the field, only two eggs hatched 
after the completion of two winters (and one intervening growing season). Chiang 
concluded that the percentage of eggs with this "extended diapause" character­
istic, the ability of corn rootworm eggs to survive two winters before hatching, 
was so small as to be economically unimportant. Recently, however, Krysan et al. 
(1984) showed that approximately 40 percent of the eggs from a population of 
northern corn rootworms collected in South Dakota in 1981 underwent extended 
diapause. That relatively large percentage of larvae surviving from extended- 
diapause eggs could cause significant damage to corn following a one-year rotation 
with another crop. Indeed, rootworm problems have been reported in corn following 
a one-year rotation with another crop in South Dakota, Minnesota, and Iowa.
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The percentage of northern corn rootworm eggs that undergo extended diapause in 
Illinois is not known. If a significant percentage do undergo extended diapause, 
this could have important implications for Illinois agriculture, because about 75 
percent of the state's corn acreage is managed by a one-year rotation with another 
crop. Crop rotation is currently our only available nonchemical rootworm control 
measure, and this option is jeopardized by the evolution of extended diapause.
The objectives of this study were to determine if a population of northern corn 
rootworm eggs collected from central Illinois would undergo extended diapause and 
to determine if western corn rootworms possess this trait. Extended diapause has 
not been reported in the latter species. Knowledge about the incidence of ex­
tended diapause in rootworm populations in Illinois is needed before new manage­
ment strategies can be devised and implemented for these pests.
Materials and Methods
Eggs were obtained from adult northern and western corn rootworms collected at 
Champaign, Illinois, in August 1985. Rootworm adults were brought back to the 
laboratory, where they were separated according to species and caged over soil 
placed in petri dishes (Krysan et al. 1984). The beetles were allowed to lay eggs 
in the soil. In late August and early September, the eggs in the soil were placed 
in an environmental chamber simulating mean historical 4-inch soil temperatures at 
Champaign. Temperature was adjusted monthly. In May 1986, the eggs were removed 
from the soil with a sieve, counted, placed on moist filter paper in petri dishes, 
and returned to the chamber. Egg hatch was monitored daily.
Results and Discussion
Table 1 shows that essentially all (99.1 percent) western corn rootworm eggs laid 
during the summer of 1985 had either died (eggs collapsed or moldy) or hatched by 
September 1986. Therefore, it is unlikely that the western corn rootworm popu­
lation we examined possessed the extended diapause trait. However, approximately 
50 percent of the eggs laid by northern corn rootworms during the summer of 1985 
had neither hatched nor died by September 1986. This suggests that these eggs may
still be in diapause and may require another chilling period before they hatch.
To confirm this, we will subject these unhatched eggs to another "winter" in the 
environmental chamber. If the eggs hatch next spring and summer, only then can we 
positively say that extended diapause is responsible for the postponed hatch and 
possibly for some of the problems we have experienced in corn after soybeans in 
Illinois.
Table 2 shows the hatching patterns for northern and western corn rootworms eggs 
that hatched in 1986. First hatch began on June 7 (420 FDD [Fahrenheit Degree 
Days] above the threshold temperature of 52°F for development) for both species.
A hatch of 50 percent had occurred by June 18 (640 FDD) for the western species, 
and by June 25 (780 FDD) for the northern species. A hatch of 90 percent did not
occur until 21 days after first hatch for the western species, and until 27 days
after first hatch for the northern species. These results confirm those of Musick 
and Fairchild (1971), who reported that in northwest Missouri near Rockport 
(located at approximately the same latitude as Champaign) western corn rootworm 
eggs began to hatch in the field between June 1 and June 4, and 50 percent hatch 
occurred between June 17 and June 28 during 1965 through 1968. Corn rootworm soil 
insecticides are typically applied at planting, usually between late April and 
mid-May. According to our results, a soil insecticide would have to remain active 
in the root zone for approximately eight weeks after application to control 90 
percent of the rootworm larval population, assuming a planting date of May 1.
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Table 1. Status of western and northern corn rootworm eggs 
(September 1986) laid in summer 1985 and placed in 
an environmental chamber simulating natural soil- 
temperature conditions at the 4-inch depth, 
Champaign, Illinois.
Status
Corn rootworm 
Western
species
Northern
Percent hatch by 9/23/86 80.3 37.5
Percent dead by 9/23/86 18.8 12.4
Percent viable on 9/23/86 0.9 50.1
Total eggs 330 1,049
Table 2. Egg-hatch patterns (to September 23, 1986) of north­
ern and western corn rootworm eggs laid during the 
summer of 1985 and placed in an environmental cham­
ber simulating natural soil-temperature conditions 
at the 4-inch depth, Champaign, Illinois
Event
Corn rootworm 
Western
species
Northern
First hatch 6/07 (420 FDD)* 6/07 (420 FDD)
10% hatch 6/10 (480 FDD) 6/16 (600 FDD)
50% hatch 6/18 (640 FDD) 6/25 (780 FDD)
90% hatch 6/28 (840 FDD) 7/04 (952 FDD)
Last hatch 7/04 9/16
Total number hatched 265 393
^Values in parentheses are the number of heat units (in 
Fahrenheit Degree Days) above a threshold temperature of 52°F 
for the indicated event to occur. Accumulations were begun on 
January 1 using simulated soil temperature in the chamber.
Rootworms in Corn After Soybeans? 
Survey Results and Management Suggestions
A HISTORY
D. Kuhlm an and K. S te ffe y
Throughout the history of corn production in Illinois, instances of corn rootworm 
damage to first-year corn have been rare, particularly in corn following soy­
beans. However, recently published research has disclosed that some northern 
corn rootworms have evolved physiologically to remain in diapause, a period of 
suspended development, as eggs for two winters. This biological phenomenon has 
resulted in rootworm damage by the northern species in some fields of first-year 
corn in localized areas in South Dakota, northwest Iowa, and south-central 
Minnesota during the past few years. Northern corn rootworms constitute a large 
percentage of the rootworm population in the problem areas in these states.
Entomologists have been aware that a small percentage of northern corn rootworms 
have a two-year life cycle in which eggs laid in late summer remain in the soil 
for two winters before hatching. The phenomenon of extended diapause likely 
occurred in Illinois in 1932 when John Bigger, a research entomologist at the 
Natural History Survey, observed severe injury to roots of corn by the northern 
corn rootworm in fields with a rotation pattern of corn, noncorn, corn, noncorn, 
and so on. At the time, however, the mechanism of extended diapause was neither 
noted nor investigated. About 20 years ago, H. C. Chiang, of the University of 
Minnesota found that some northern corn rootworm eggs could survive two winters 
prior to hatching, demonstrating the phenomenon of extended diapause. It has 
been hypothesized that extended diapause is an adaptive mechanism that has 
evolved to enable insects, the northern corn rootworm in this case, to survive 
unpredictable environments and remain in the egg stage for two winters before 
hatching.
ILLINOIS SITUATION
Corn rootworm damage to corn following soybeans was reported to University of 
Illinois entomologists and verified by them in a few scattered fields in Mar­
shall, Ogle, and DeKalb counties during early July, 1986. This was the first 
time that Illinois entomologists have confirmed economic corn rootworm damage in 
this cropping sequence in Illinois. Rootworm larvae collected from damaged 
fields of corn following soybeans in Marshall and Ogle counties were identified 
as the northern corn rootworm. Although the rootworm damage in these fields 
hasn't positively been attributed to the phenomenon of extended diapause, some 
preliminary research by Dr. Eli Levine, Illinois Natural History Survey, suggests 
that this could be occurring. While the northern corn rootworm beetles may have 
deposited their eggs in soybeans in 1985, our investigations indicate that the
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soybeans were relatively weed-free in 1985, making them unattractive to 
ovipositing females. This lends support to the hypothesis of extended diapause.
The observations of rootworm damage to first-year corn triggered a host of
questions in 1986:
1) What is the extent of extended diapause within the northern corn rootworm 
population in Illinois?
2) What is the potential for economic damage by the northern corn rootworm to 
corn after soybeans in Illinois?
3) Should a farmer apply a corn rootworm soil insecticide to corn following 
soybeans for rootworm control in 1987?
4) Is the composition of the corn rootworm complex in Illinois shifting from the 
western species to the northern species?
5) What regions in Illinois are most likely to be affected by extended diapause 
in the northern corn rootworm population?
6) Does the occurrence of a few isolated reports of rootworm damage in corn 
following soybeans represent the beginning of a long-term problem that could 
outweigh the advantages of a corn-soybean rotation?
7) If there were only a few problems in 1986, can one anticipate a sharp 
increase in 1987?
The remainder of this paper will address these questions and describe the results 
of surveys conducted by Extension entomologists and county Extension advisers 
during July, 1986, to assess rootworm beetle abundance and rootworm damage to 
corn following soybeans.
Rootworm Damage Survey: Corn After Soybeans
About a half dozen instances of rootworm damage to corn following soybeans were 
reported during the summer of 1986. All reports came from the northern half of 
Illinois. To gain a better perspective of the situation, we conducted a random 
survey during late July to assess rootworm damage in 300 fields of corn following 
soybeans in 30 northern and central Illinois counties. The root systems of five 
plants, selected at random, were removed from each field, washed, and examined 
for rootworm feeding.
The Iowa State system of rating roots, based on a scale of 1 (no visible damage) 
to 6 (3 or more nodes of roots destroyed) was used to assess the damage. The 
root-rating scale is shown below:
1) No visible damage or only a few minor feeding scars.
2) A few roots with feeding scars, but none chewed off within 1 1/2 inches of 
the stalk.
3) Several nodal roots eaten off to within 1 1/2 inches of the stalk but less 
than an entire node of roots destroyed.
4) One node of roots destroyed or the equivalent.
5) Two nodes of roots destroyed or the equivalent.
6) Three or more nodes of roots destroyed or the equivalent.
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Only two of the 300 fields (0.67 percent) of corn after soybeans that were 
sampled had root ratings exceeding 3.0 (Table 1). The average root damage 
ratings for these two fields were 3.2 in LaSalle County and 3.0 in Kankakee 
County, both barely in the economic category. Damage ratings of 3.0 or lower are 
usually considered to be noneconomic by entomologists. Seven percent of the 
fields had average root damage ratings between 2.0 and 2.9, characterized by a 
few minor feeding scars. Most of the corn root systems (96.4 percent) from the 
300 fields had root ratings of 1 or 2, suggesting that rootworm damage to corn 
following soybeans was virtually nil during 1986. Still, 3.6 percent of the 
plants had moderate rootworm feeding with root ratings of 3 or 4. This 
percentage, while not alarming, is slightly larger than we've observed in tests 
conducted from 1982 through 1985, in which roots treated with soil insecticides 
were compared with untreated roots in corn following soybeans.
ft. i  ■Extension Adviser Survey
Surveys by county Extension advisers in 19 counties in the northern half of 
Illinois during July, 1986, revealed that only 2 of 57 fields of corn after 
soybeans experienced economic rootworm damage (Table 2). Mike Sager and Darel 
Walker, Extension advisers in Woodford County, conducted a county-wide survey to 
assess rootworm damage in corn after corn, corn after soybeans, and corn after 
meadow in both treated and untreated fields. Results from their survey showed an 
average root rating of 1.7 in fields of corn following soybeans that were not 
treated with soil insecticides
Forecast for 1987
Should a farmer be concerned about extended diapause within the northern corn 
rootworm population and an increasing potential for rootworm damage where corn 
follows soybeans in 1987? Although the answer is not a distinct, clear-cut "no," 
when one considers that only 0.67 percent of the fields surveyed in 1986 had 
economic damage, the probability of a rootworm "bust" on first-year corn in 1987 
seems rather slight. While a few scattered fields of corn after soybeans may 
sustain rootworm damage in 1987, it's impossible to predict where these will be. 
At this point there seems to be little justification for using a rootworm soil 
insecticide in corn following soybeans.
A word of caution should be raised at this point. At the time this paper was 
written, data had not been collected on the use of soil insecticides in the 
fields of corn that we sampled. If a high percentage of the fields of corn after 
soybeans had been treated, our conclusion would need to be reassessed. However, 
data from a pesticide use survey indicated that only 13.2 percent of the corn 
following soybeans in Illinois was treated with a soil insecticide in 1985. In 
all probability about the same percentage of corn after soybeans was treated with 
a soil insecticide in 1986. Consequently we conclude that there's little or no 
risk of widespread rootworm damage in corn following soybeans due to extended 
diapause of the northern corn rootworms.
What scenario might best describe how corn rootworm damage to corn following 
soybeans might occur in 1987 as a consequence of extended diapause in the 
northern corn rootworm populations? For this to occur, it's likely that northern 
corn rootworm beetles would have had to reach or exceed two per plant in a field 
of corn during August, 1985, to result in a sufficient number of diapausing eggs 
to cause larval damage to corn after soybeans in 1987.
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Minnesota and South Dakota researchers have shown that as many as 50 percent of 
the northern corn rootworm beetles in some areas of these states were of the 
extended diapause (2-year) life cycle type. Dr. Eli Levine’s research, reported 
elsewhere in these proceedings, also indicates that only 50 percent of the 
northern corn rootworm eggs collected in 1985 at Champaign, Illinois, had hatched 
by September, 1985. While this certainly suggests that extended diapause is 
occurring in the northern corn rootworm population in Champaign County, we won't 
know one way or the other until June, 1987, after the eggs have been exposed to a 
second chill period.
Rootworm Species Composition, Abundance, and Distribution
Prior to 1964, the northern corn rootworm was the only rootworm species damaging 
corn in Illinois. In 1964, however, the western corn rootworm became established 
in Rock Island County. This species had moved eastward from Nebraska and was 
resistant to the chlorinated hydrocarbon insecticides. By 1979, the western 
species had spread to every county in Illinois. Illinois entomologists have 
conducted annual rootworm beetle surveys since 1967. Rootworm beetle populations 
for 1980 through 1986 are shown in Table 3. The rootworm species composition 
(Figure 1) varies from one region to another, but generally the western is now 
the predominant species. However, a close inspection of county data for the past 
three years reveals a slight increase in the abundance of the northern species 
compared with the western, particularly in some central and eastern Illinois 
counties. The principal cropping sequence in this area is
corn-soybean-corn-soybean, which could favor the evolution of a northern corn 
rootworm with the extended diapause mechanism.
Potential Problem Areas
Rootworm species composition coupled with rootworm beetle abundance (Figure 1) 
may offer clues for areas of potential northern corn rootworm damage in a 
corn-soybean rotation as a consequence of extended diapause. While not clear- 
cut, northern corn rootworm beetle populations seem to be rising along with 
higher root ratings in corn after soybeans in some east-central and northeastern 
Illinois counties. It may be pure coincidence that root damage ratings were 
slightly greater in corn after soybeans in Marshall, Kendall, LaSalle, Ford, 
Kankakee, and Livingston counties, but these observations tend to give some 
support to the idea that some of the northern population is undergoing extended 
diapause. In other regions where the abundance of western corn rootworm beetles 
is relatively large, root ratings in corn after soybeans were slightly lower.
Summary and Recommendations
A rootworm damage survey in 30 northern Illinois counties during July, 1986, 
revealed a few fields (< 1 percent) of corn following soybeans with light to 
moderate feeding caused by corn rootworm larvae. While not positively confirmed, 
preliminary observations by Illinois researchers suggest that extended diapause 
within the northern corn rootworm populations may be occurring and contributing 
to rootworm feeding and damage in a small percentage of fields of first-year 
corn. As a consequence, some of the eggs deposited in corn by northern corn 
rootworm beetles remain in the soil over two winters before hatching, rather than 
hatching after one winter. The extended diapause mechanism thereby enables the 
northern corn rootworm species to adapt to a corn-soybean-corn-soybean rotation, 
rather than requiring continuous corn to perpetuate the species. This represents
f. 18
a case of an insect evolving to overcome a cultural practice, such as a crop 
rotation, that was used to control that pest.
Is rootworm damage to corn after soybeans going to occur in 1987? If so, what 
areas of Illinois are most subject to problems? Most likely we'll see a few 
scattered problems with rootworm damage to corn following soybeans in 1987. The 
emphasis here is on the words "few" and "scattered." In perspective, our 1986 
survey puts the chances of rootworm damage to corn following soybeans due to 
extended diapause of the northern population at about 1 in 150. Consequently, a 
soil insecticide applied to control corn rootworms is not going to be profitable 
in the vast majority of fields of corn following soybeans. The potential problem 
area is not well defined in Illinois. If extended diapause is a factor, then 
northern corn rootworm beetle abundance would suggest that if problems do occur, 
they're most likely to appear in eastern, central, and northeastern counties. 
Prediction of rootworm damage in individual fields of corn following soybeans is 
not possible at this point.
Following are several options to consider for managing soil insect pests in corn 
following soybeans if extended diapause in the northern corn rootworm population 
is a concern:
1. Scout fields of first-year corn in August and record the number and species 
of corn rootworm beetles. File the information for making soil insect 
management decisions two years hence.
2. Consider past experience. If you haven't been using a soil insecticide on 
corn following soybeans and soil insect problems have been absent or 
infrequent, don't change your plans for 1987. Scout field for cutworm damag 
as the corn emerges.
3. Apply a soil insecticide at planting. Although current research indicates 
the economic benefit is questionable, peace of mind against uncertainty may 
be important to some growers.
4. Scout fields of corn after soybeans during mid-June to determine whether 
rootworm larvae are present and causing damage in fields not treated with 
soil insecticides. There's still time to apply a soil insecticide during 
cultivation.
Table 1. A survey of corn rootworm larval damage in corn following soybeans, 
Illinois, 1986
Average
Number root
Region fields rating/
and county surveyed field
Plants categorized 
by root ratings 
(percent)
1 2 3 4 5 6
Number of fields 
Root rating range
1.0-1.9 2.0-2.9 3,0+
West
Adams 10 1.1 90 10 0 0 0 0 10 0 0
Hancock 10 1.1 90 10 0 0 0 0 10 0 0
Knox 10 1.28 72 28 0 0 0 0 10 0 0
McDonough 10 1.04 96 4 0 0 0 0 10 0 0
Central
40 1.13 87 13 0 0 0 0 40 0 0
DeWitt 10 1.08 92 8 0 0 0 0 10 0 0
Macon 10 1.02 98 2 0 0 0 0 10 0 0
Marshall 10 1.76 34 56 10 0 0 0 7 3 0
McLean 10 1.46 58 38 4 0 0 0 9 1 0
Logan 10 1.14 86 14 0 0 0 0 10 0 0
Sangamon 10 1.12 88 12 0 0 0 0 10 0 0
Tazewell 10 1.14 88 10 2 0 0 0 10 0 0
Northwest
70 1.25 77.7 20.0 2.3 0 0 0 66 4 0
Bureau 10 1.2 82 16 2 0 0 0 10 0 0
Lee 10 1.16 88 8 4 0 0 0 9 1 0
Mercer 10 1.16 84 16 0 0 0 0 10 0 0
Ogle 10 1.28 74 24 2 0 0 0 10 0 0
Whiteside 10 1.1 90 10 0 0 0 0 10 0 0
Northeast
50 1.18 83.6 14.8 1.6 0 0 0 49 1 0
Boone 10 1.22 80 18 2 0 0 0 10 0 0
Grundy 10 1.52 52 44 4 0 0 0 8 2 0
Kane 10 1.3 74 22 4 0 0 0 9 1 0
Kendall 10 1.7 48 36 14 2 0 0 7 3 0
LaSalle 10 1.98 34 36 28 2 0 0 5 4 1
McHenry 10 1.12 88 12 0 0 0 0 10 0 0
Will 10 1.58 48 46 6 0 0 0 9 1 0
East
70 1.49 60.6 30.6 8.3 0.6 0 0 58 11 1
Champaign 10 1.28 72 28 0 0 0 0 9 1 0
Ford 10 1.7 38 54 8 0 0 0 8 2 0
Iroquois 10 1.12 88 12 0 0 0 0 10 0 0
Kankakee 10 1.46 64 28 6 2 0 0 9 0 1
Livingston 10 1.6 48 44 8 0 0 0 8 2 0
Piatt 10 1.04 96 4 0 0 0 0 10 0 0
Vermilion 10 1.12 88 12 0 0 0 0 10 0 0
70 1.33 70.6 26.0 3.1 0.3 0 0 64 5 1
State total 
percentage
300 1.3 74.3 22.1 3.4 0.2 0 0 277
92.3%
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7.0%
2
0.7%
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Table 2. County Extension Adviser Survey of Corn Rootworm 
Damage in Fields of Corn after Soybeans, Illinois,
1986
County Average root rating by field
Adams 1.2 1.8
Boone 1.0 1.2
Bureau 1.3
Carroll 2.0 2.0; oCM
DeKalb 2.0 3.3
Henderson 1.0 1.6
Knox 1.8
LaSalle 1.0 2.0
Livingston 2.0 2.0; 2.0
Lee 2.0 1.8
McDonough 1.2 1.8
McHenry 1.0
Ogle 3.3 1.8
Peoria 1.6 1.8
Stark 2.0 1.0; 1.0; 2.0
Stephenson 1.6 1.8
Tazewell 2.0 2.0
Will 2.0 2.0
Woodford 1.7 (average of 20 fields)
Table 3. Abundance of Northern and Western Corn Rootworm Beetles in Illinois, 
1980 to 1986
District ______Average number of rootworm beetles per plant
and countv 1980 1981 1982 1983 1984 1985 1986
Northwest
Bureau 2.71 3.42 0.40 0.38 0.86 - 0.87
Lee 3.18 0.69 0.23 3.10 2.48 - 2.15
Mercer 0.93 1.39 0.03 1.18 1.86 4.64 1.21
Ogle 3.90 1.73 0.76 5.84 3.17 7.09 3.84
Stephenson 4.02 1.60 0.30 3.40 0.80 3.41 3.50
Whiteside 1.98 0.51 0.33 3.68 2.42 2.93 1.76
Average 2.79 1.56 0.32 2.93 1.93 4.52 2.22
Northeast
Boone 4.52 5.91 0.40 3.17 0.57 4.46 2.34
DeKalb 4.91 3.46 0.14 1.11 2.80 - 1.89
LaSalle 3.30 2.68 0.44 0.51 4.15 0.66 1.33
Average 4.24 4.02 0.32 1.60 2.51 2.56 1.85
West
Adams 1.07 0.27 0.08 0.25 1.58 1.41 0.01
Henderson 0.44 1.28 0.16 0.20 0.70 - 0.27
Knox 0.58 2.51 0.11 0.04 1.63 2.29 0.44
McDonough 0.67 0.48 0.23 0.12 0.00 2.15 0.08
Warren 1.51 1.29 0.07 1.28 0.91 - 0.75
Average 0.85 1.17 0.13 0.38 0.96 1.95 0.31
Central
Logan 2.23 0.98 0.19 1.25 0.05 1.64 0.50
McLean 1.57 0.85 0.47 1.43 2.54 - 1.32
Peoria 3.56 1.49 0.41 1.46 0.05 0.62 0.84
Woodford 3.76 2.01 1.39 0.58 0.68 - 0.95
Average 2.78 1.33 0.61 1.05 0.83 1.13 0.90
East
Champaign 2.39 0.85 0.77 1.61 0.95 0.13 1.19
Iroquois 0.53 0.89 0.55 0.54 0.18 0.69 0.54
Kankakee 3.67 1.98 0.72 0.99 0.12 - 0.55
Livingston 3.83 1.72 0.92 0.42 1.72 - 1.55
Vermilion 0.84 1.17 0.99 0.32 0.46 - 0.73
Average 2.25 1.32 0.79 0.77 0.68 0.41 0.91
West-southwest
Christian 0.47 1.30 0.04 0.17 0.43 - 0.01
Greene 2.72 0.26 0.34 0.67 1.13 - 0.05
Macoupin 0.79 0.19 0.20 0.03 0.65 0.03 0.03
Montgomery 1.29 0.41 0.01 0.03 0.05 - 0.03
Morgan 2.12 0.22 0.11 0.70 0.97 0.24 0.04
Average 1.48 0.48 0.14 0.32 0.64 0.14 0.03
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Table 3. (continued)
District Average number of rootworm beetles Der plant
and county 1980 1981 1982 1983 1984 1985 1986
East-southeast
Clark 2.25 0.78 0.68 0.01 0.03 - 0.20
Jasper 1.17 0.73 0.09 0.05 0.17 2.04 0.15
Marion 0.23 0.10 0.01 0.01 0.00 - 0.03
Shelby 2.02 0.82 0.01 0.06 0.14 0.02 0.14
Averge 1.42 0.61 0.20 0.03 0.33 1.03 0.13
Southwest
Randolph 0.91 0.01 0.03 0.02 0.00 - 0.06
St. Clair 0.05 0.07 0.03 0.01 0.00 - oo
Union 0 0 0.01 0.02 0.00 - -
Washington 0.13 0.07 0.00 0.00 0.00 0.00 0.32
Average 0.27 0.04 0.02 0.01 0.00 0.00 0.14
Southeast
Franklin 0.04 0.01 0.01 0.01 0.00 -
Gallatin 0.46 0.27 0.07 0.04 0.00 - 0.38
Wabash 0.70 1.25 0.05 0.11 0.07 - 0.54
Wayne 0.08 0.43 0.05 0.03 0.01 - -
White 0.08 0.14 0.11 0.01 0.02 0.00 0.39
Average 0.27 0.42 0.06 0.04 0.02 0.00 0.43
NOTE: Counts include both western and northern species present on the
stalk, leaves, tassels, and ear on each plant.
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Some Things Old, Some Things New in Weed Control
M. McGlamery
POSTEMERGENCE GRASS HERBICIDES FOR SOYBEANS
Poast, Fusilade, and Hoelon are presently available postemergence grass herbicides 
for soybeans. Assure, Whip, and Verdict and EUPs in 1986, and Assure and Whip hope 
for clearance in 1987.
Trade Name Common name Lb/eal Companv 1987 status
Assure DPX-Y-6202 0.8 DuPont Hopeful
BAS 517 cycloxydim 2.0 BASF EUP?
Fusilade fluazifop 1.0 ICI Labeled
Hoelon diclofop 3.0 Hoechst Labeled
Poast sethoxydim 1.53 BASF Labeled
Select cloproxydim 2.0 Chevron EUP?
Verdict haloxyfop 2.0 Dow EUP
Whip fenoxaprop 1.0 Hoechst Hopeful
POSTEMERGENCE BROADLEAF HERBICIDES FOR SOYBEANS
Classic 25DF (chlorimuron) was cleared in 1986 for postemergence use in soybeans. 
The use rate is 0.5 to 0.75 ounce per acre. It provides excellent control of 
cocklebur, jimsonweed, ragweed, and pigweed, and fair to good control of smartweed 
and common ragweed. The control of velvetleaf is variable, and that of lambs- 
quarters is poor. The addition of a surfactant is recommended and the use of a 
liquid fertilizer is being investigated to improve velvetleaf control.
Tackle (acifluorfen) was cleared in 1986 and contains the same active ingredient as 
Blazer. The labels vary between these herbicides as to the mixtures and additives 
allowed.
Cobra (lactofen) and Reflex (fomesafen) are related to Blazer or Tackle and will 
provide similar control.
Cobra 2E rates will likely be 10 to 12.5 ounces per acre. Surfactant addition is 
permitted under conditions such as large or drouthy weeds and high weed popula­
tions. Cobra is not as good on morningglory as is Blazer/Tackle, but is better on 
cocklebur.
Reflex 2E rates will be 1.0 to 1.5 pints per acre depending upon weed species and 
size. The lower rate is for smaller jimsonweed, pigweed, common ragweed, and black 
nightshade. Reflex will require the use of a surfactant or a crop oil concentrate.
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OIL-APPLIED HERBICIDES FOR SOYBEANS
Scepter 1.5E (imazaquin) was cleared in 1986 at the rate of 10.5 fluid ounces per 
acre. It is labeled in combination with most of the grass herbicides as preplant 
incorporated and preemergence combinations. Scepter provides good control of pig­
weed and cocklebur, and fair to good control of jimsonweed, smartweed, and common 
ragweed. It often provides acceptable control of giant ragweed, but the control of 
velvetleaf has been variable.
Squadron 2.33E will be a 6:1 combination of pendimethalin (Prowl) and Scepter for 
preemergence or preplant incorporation use. Prowl will supplement the grass and 
velvetleaf control of Scepter.
Command (FMC 57020) was cleared in 1986, but because of the off-target movement its 
formulation and label has been changed for 1987. Command will be a 4E next year, 
and its use will be totally preplant incorporated. Thus the tank-mix with Lorox 
and Amiben have been cancelled. The rate of Command 4E will be 1 to 2 pints per 
acre alone or with Sencor or Lexone.
Cinch 7E (cinmethylin) is a soil-applied grass herbicide that can be used either 
preplant incorporated or preemergence. The use rate will be about 0.5 to 1.75 
pints per acre. Cinch may have clearance in 1987, but most likely it will be 1988.
Preview 75DF is a 10:1 mixture of Lexone (metribuzin) and Classic, while Canopy 
75DF is a 6:1 mixture. Canopy was cleared in 1986 and Preview should be cleared in 
1987. The addition of Classic to Lexone improves cocklebur control. Preview is 
formulated with a lower rate of Classic than Canopy has to lessen the probability 
of carryover injury. These products will be labeled in combination with grass 
control herbicides for preplant incorporation or preemergence use.
Gemini 60DF was labeled in 1986 as a 12:1 mixture of Lorox (linuron) and Classic 
for preemergence use in soybean weed control. The addition of Classic improves the 
control of cocklebur. Lorox Plus is a 16:1 mixture of the same products.
Turbo 8E was cleared in 1986 as a 9:2 ratio of Dual (metolachlor) and Sencor 
(metribuzin) for preplant incorporation or preemergence use in soybean weed 
control.
Salute 4E is a mixture of Treflan (trifluralin) and Sencor (metribuzin) in a 2:1 
ratio for preplant incorporation. Clearance of this combination is expected in 
1987.
CORN HERBICIDES
Tandem 4£ (tridaphane) was cleared in 1986 for postemergence use in corn in com­
bination with atrazine and oil or Bladex. It is used at a rate of 1 pint per acre 
when annual grasses are less than 2 inches tall. Tandem will improve the control 
of annual grasses over what postemergence atrazine and oil or Bladex can do.
Extrazine 90DF and 4L and Conquest 90DF and 4L are formulated combinations of 
Bladex (cyanazine) and atrazine. Extrazine is a 3:1 ratio and Conquest is a 3:1 
ratio. Currently Extrazine and Conquest are not restricted use, even though Bladex 
is. They will have labelling for preplant incorporation, preemergence, and 
postemergence use in corn weed control programs.
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Torch Twin Pack is a packaging of Brominal (bromoxynil) and atrazine for postemer­
gence use in corn and sorghum. The materials come in separate packaging and are 
then tank-mixed. The atrazine improves the pigweed control over that of Brominal 
alone. This product is similar to the Buctril/atrazine formulated mix.
SHALL GRAINS HERBICIDES
Harmony 75DF (DPX-M6316) is a herbicide for wheat which will control wild garlic 
and many broadleaf weeds in winter wheat. The rate will be 0.33 to 0.67 ounce of 
product per acre; the higher rate will be needed for wild garlic control. It will 
be applied postemergence with a nonionic surfactant at one quart per acre when the 
weeds are less than 4 inches tall.
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Pesticide Regulations — Where Are We Going?
T .  W alker
Pesticide regulations are going to change. This is a major issue at both the 
state and federal levels. Groundwater contamination is or will be the number one 
problem that will force major changes in pesticide regulation.
STATE LEVEL
During this past session of the Illinois General Assembly, a "posting" bill 
(MR2686) was introduced and defeated. This issue is sure to be raised again.
I believe it is inevitable that a "community right-to-know" bill will pass and 
become law.
FEDERAL LEVEL
The United States Environmental Protection Agency (EPA) is currently working on 
rules that will alter pesticide practices: endangered species, termiticides, and
worker protection standards. The endangered species regulation will prohibit the 
use of certain pesticides in counties where federally designated endangered 
species are present. Current communication between USEPA and the American 
Association of Pesticide Control Officials may delay the implementation of this 
rule. The termiticide decision is very significant and will set a precedent. 
Final comments were due to the USEPA by October 17, 1986. One of the require­
ments is that a consumer advisory will be handed to an adult living at each 
residence and also to all apartment dwellers. The EPA will not release any 
information about worker protection standards until the standards are published 
on December 1, 1986.
Federal Insecticide, Fungicide and Rodenticide Act
Congress is currently debating and revising the Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA). The following major provisions are discussed:
Reregistration. Under a 1978 law, the EPA was directed to expedite the process 
of restudying and reregistering older pesticides to make sure that health and 
safety data supporting their use meet current standards. Because progress in 
this effort has lagged far behind expectations, the new bill sets procedures that 
require completion of the reregistration process in about nine years for pesti­
cides registered before November 1, 1984. To help assure that funding will be 
available for this massive effort, the bill requires that companies seeking 
reregistration pay one-time fees of up to $150,000 for each active ingredient
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reregistration pay one-time fees of up to $150,000 for each active ingredient 
(although fees can be reduced for small businesses). For products subject to 
reregistration, EPA would have authority to order cancellation of any product 
that fails to meet the reregistration requirements.
Pesticide exports. Changes now order that label precautions required in the 
United States must also be included on export labels unless they are forbidden by 
the laws of the importing country. For pesticides banned or not registered in 
the United States, annual notice of their status must be given to foreign buyers.
Public right to know. Producers of active pesticide ingredients and designated 
inert ingredients must develop and make available to the public fact sheets that 
summarize health, safety, and environmental data and list locations where 
pesticides are produced.
Data access. Before a pesticide is registered, persons not connected with 
pesticide manufacturing firms would be given access to the health and safety data 
submitted for the product to allow them to make comments to the EPA. Currently 
such data are not made public until 30 days after a registration is granted.
Uniform tolerances. The bill provides that pesticides that meet current 
reregistration standards must have EPA-set residue tolerances that operate on a 
uniform, nationwide basis. States would be permitted to request different 
standards for their own use if they demonstrate the need for such action. In 
instances where states demonstrate that maintaining a federal residue tolerance 
would create an imminent hazard to public health in the state, they could adopt a 
more stringent standard pending consideration of the issue by the EPA. (This 
issue must be resolved between the Senate and the House.)
Minor uses. These can be given special consideration by the EPA when ruling on 
conditional registrations if no effective alternatives are available. In 
instances where states grant special local needs, the bill allows these to expire 
when the state-set period ends. It provides that the EPA must establish formal 
criteria for any decisions it makes to disapprove state registrations. The bill 
also extends authority for funding a program at current service levels by which 
the government helps small-acreage crop growers obtain scientific data needed to 
support registrations for pesticides on their commodities.
Inert ingredients. The bill directs EPA to establish a priority list and to 
revise it at least annually for 50 to 75 inert pesticide ingredients if hazards 
exist or if more studies are needed to assess potential risks. When additional 
studies are required, the agency would evaluate them and "take such steps as are 
appropriate to prevent unreasonable adverse effects on the environment" by 
pesticides containing the ingredients involved.
Applicator certification. Present rules regarding training of pesticide appli­
cators would be broadened to require training for all commercial applicators and 
their employees and for private applicators, such as farmers who handle re­
stricted pesticides. The training requirements would not cover people who are 
not commercial operators and who occasionally handle only "general use" materials 
such as ordinary household and garden chemicals. States would provide or 
supervise the training.
32
Worker safety. EPA would be required to issue regulations to protect workers who 
mix, load, and apply pesticides and to protect agricultural employees who work in 
pesticide-treated areas, other than those who work with livestock.
Farmer liability. Liability under federal environmental law for the costs of 
response or damage suffered because of the use or threatened release of pesti­
cides into the environment would apply to the company that registered the pesti­
cide, not to a farmer who used the product in compliance with label directions. 
The farmer's freedom from liability would not apply if he or she had acted 
negligently, recklessly, or with an intent to misuse a pesticide.
Cancellation of pesticides. The bill provides more rapid procedures for special 
EPA reviews of pesticides where potentially adverse effects are suspected and for 
cancellation hearings that may follow a special review. Persons who do not have 
an economic interest in a pesticide involved in an EPA ruling could file appeals 
against the ruling if the EPA administrator finds that the request poses a sub­
stantial issue of fact. In some instances, EPA could also require label changes 
for a pesticide through a rapid, informal rulemaking process. EPA would also be 
allowed to suspend products immediately that have been registered on the basis of 
false or invalid data.
Groundwater. The EPA administrator would be directed to protect groundwater 
against contamination by pesticides and would set residue "trigger levels" which, 
if exceeded, would require corrective action by states or by the EPA if states 
failed to act within specified time limits. Under the bill, firms holding 
pesticide registrations would be required to report any information concerning 
the detection of their pesticides in groundwater. In instances where the trigger 
level was not exceeded but EPA finds a "reasonable likelihood" that it will be 
exceeded in potential drinking water in several localities, the agency would 
require changes in the registration of the pesticide involved to make sure that 
its use patterns will not result in exceeding the residue trigger levels in 
potential drinking water.
State cooperation. The bill clarifies states' roles in investigating complaints 
of pesticide misuse and allows EPA to act if a state does not promptly begin 
investigations. EPA would also be authorized to provide 50 percent of the cost 
of state programs for training pesticide applicators.
Penalties. The bill increases both civil and criminal penalties for violation of 
the FIFRA. Ceilings on fines for private applicators would be doubled, and the 
ceiling on fines for commercial applicators and pesticide dealers would rise to 
five times the current level. Where states enforce EPA regulations, the bill 
requires that states must have legal authority to impose penalties at least equal 
to those provided by federal law.
Data compensation. The bill makes two changes in compensation provisions. One 
change applies when a pesticide producer seeks EPA registration of a so-called 
"follow-on" product (one resembling an original pesticide developed earlier by 
another firm). If the producer cites health and safety research data filed by 
the product patents that are due to expire after the 1986 FIFRA Bill becomes law 
but are extended by later Congressional action, the amount of compensation for 
later use of data on those products, when it is set by arbitration, could not 
exeed twice a fair share of the cost of developing the data. The second change 
applies to data on products whose patents expired before enactment of the 1986
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amendments. For such products, compensation set by arbitration would have no 
ceiling on awards, as under current law. In contrast to existing law, which 
makes arbitration awards binding, the bill provides nonbinding arbitration.
Other provisions. When the EPA cancels or bans a pesticide, the bill requires 
the agency to cancel residue tolerances for the product on both domestic and 
imported foods within 60 days. But the time could be extended under some 
conditions, such as for the marketing of products treated before the cancella­
tion, for the use of existing stocks of the cancelled pesticide, or where there 
was unavoidable environmental contamination. The bill restricts conditional 
registrations to instances where necessary health, safety, and other data have 
already been submitted to EPA or are in the process of being developed. The bill 
directs the EPA to contract for a National Academy of Sciences study, if cost 
estimates are satisfactory, to find out if it is feasible to set comparative 
environmental risk ratings for registered pesticides. EPA would also be required 
to analyze samples of human mothers' milk for residues of dioxins and dibenzo- 
furans. In defining risks that may be posed by pesticides, existing law refers 
to possible damage to "man." The bill specifies that this includes "unborn human 
beings from the moment of conception." The legislation directs EPA to find out 
what research has been conducted to determine which pesticide ingredients exist 
naturally in fruits, vegetables, grains, and other food crops. This report is to 
be sent to Congress by December 31, 1987, and released to the public. Addi­
tionally, the bill requires designated parties who hold stocks of cancelled or 
suspended pesticides to notify EPA and state authorities of the location of those 
stocks. The bill also permits inspection of the stored material by the EPA.
The EPA would be required to establish efficacy standards for antimicrobial 
agents, mainly hospital disinfectants; to begin a program of research on how to 
control or reduce insect resistance to pesticides; and to develop methods to 
detect neurotoxic and behavorial effects of pesticides.
When this article was written, FIFRA still had not passed Congress, but it is 
obvious that pesticide regulation is moving. The verdict is still out as to 
whether the changes are for the better or worse.
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Nematicides: An Important Tool for 
Soybean Cyst Nematode Management in the 1990s?
T .  Melton
\
Soybean cyst nematode (SCN) (Heterodera glycines) has been found in 81 Illinois 
counties (Table 1) and accounts for a statewide estimated yield loss of 7 to 8 
percent with losses in individual fields ranging up to 80 percent. In Illinois a 
definite trend exists toward an increased number of infested counties and more 
infested farms within those counties. Each year since 1980 at least two more 
counties have been identified as infested, twelve of them since 1984, including 
four in 1986. Soybean Cyst Nematode is an increasingly important problem in 
Illinois that affects all but the northwestern part of the state, and more farmers 
than ever will have to deal with this problem in the 1990s.
CURRENT STATUS OF SCN MANAGEMENT
Early Identification
Although SCN management strategies differ among growers and regions, the one 
tactic that is most overlooked and may be the most important is early identifica­
tion. Only routine scouting of fields in which SCN has not been found can fulfill 
this objective. Scouting is done by carefully digging up plants and examining the 
roots for cysts or by submitting soil samples to a reputable nematology laboratory 
(see Report on Plant Disease Nos. 501, 1100, and 1107 for more information).
Rotation and Resistance
Rotation is an excellent means of SCN management when used in combination with 
timely predictive sampling or sampling and resistant varieties. Rotating to a 
nonhost crop for three years is usually adequate to reduce the SCN numbers to 
levels that will not damage the following year's beans. However, because there 
are too many exceptions to the rule, growers should always submit soil samples for 
SCN analysis before planting susceptible soybeans to ensure that SCN numbers have 
decreased adequately.
Using resistant varieties is another excellent means of management but it can 
backfire if precautions are not taken. Resistant varieties are most effective 
when used in combination with rotation and should only be used after they have 
been determined to be resistant to the SCN population residing in the field in 
question. An excellent use of resistance and rotation is illustrated by the 
following cropping sequence:
Year 0 
Year 1
Year 2 
Year 3
Identify the problem.
Plant to a nonhost crop such as corn, milo, wheat, or alfalfa. Test the 
resistant variety to be used next year.
Plant to a resistant variety.
Plant to a nonhost crop. Submit soil samples to a laboratory to ensure 
that SCN populations are low enough to plant a susceptible variety next 
year.
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Because SCN populations can adapt to resistant varieties when exposed to them for 
prolonged periods, resistant varieties can become useless if planted for more than 
two consecutive soybean crops. A resistant soybean should only be planted every 
other soybean crop.
Nematicides
Nematicides such as aldicarb (Temik), carbofuran (Furadan), and fenamiphos (Nema- 
cur) are estimated to be used on about 1 percent of the infested acreage in Illi­
nois. Of these nonfumigant nematicides, aldicarb has most consistently increased 
yields in SCN-infested field plots (Table 1). Aldicarb is a good alternative for 
growers who cannot obtain resistant varieties and who are not able to rotate to a 
nonhost crop. However, aldicarb use should be avoided where soils are sandy or 
water tables are high.
Aldicarb has been used experimently in combination with resistant varieties where 
nematode populations were very high. A yield increase over the untreated resis­
tant variety is usually obtained, although the increase usually is not economical. 
The combination treatment causes a greater SCN population decline than the resis­
tant variety alone. Where resistant varieties have been only marginally effective 
and SCN populations are very high, this practice may have some merit.
INCREASING SCN MANAGEMENT PROBLEMS
Although the use of rotation and resistant varieties is currently the best means 
of SCN management, there are four impending factors that, if not changed, point to 
a potentially greater use of nematicides. The first factor is the increase in 
infested acreage. As more fields become infested with SCN and as government pro­
grams encourage growers to limit corn acreage, continuous planting of resistant 
varieties and use of nematicides on soybeans is likely to increase. This may be 
especially true in central and northern Illinois, where very few resistant vari­
eties are available (only two group IIs and two group Ills) .
The second factor is that all of the resistant varieties used in Illinois derive 
their resistance from one or both of two lines, P188788 or Peking. New plant 
introductions are always being tested, but even when one with promise is dis­
covered, it takes several years to develop it into a competitive commercial vari­
ety. More growers are reporting that resistant varieties are no longer resistant 
to specific SCN populations, which points to the third factor. As more SCN popu­
lations are examined, more population types or races are identified. All fields 
are believed to have at least several races, and the balance among these races may 
be delicate and easily shifted with the use of resistant varieties. This is why 
resistant varieties should never be planted as consecutive soybean crops. These 
"new" races or populations are most frequently the reason for the increase in 
reports of resistant varieties failing. As more resistant varieties with the same 
resistant background are used (e.g., "Fayette"), more of these "new" races or 
populations are likely to be identified and may only be controlled with long-term 
rotation or nematicides.
A fourth factor, which suggests a particularly disturbing trend, is the increased 
reports of SCN damage in soybeans after three years of nonhost crops. This trend 
may be temporary and related to recent environmental and biological conditions. 
However, if it is not temporary, growers may choose to use nematicides more often, 
rather than longer periods of not planting the higher-yielding susceptible 
soybeans.
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CURRENT RESEARCH ON SCN MANAGEMENT
Current research on SCN management is being done in five general areas. The first 
is the use of tolerant varieties rather than resistant ones. A tolerant variety- 
does not necessarily limit the reproduction of SCN as a resistant variety does, 
but it "tolerates" nematodes to the extent that yields either are not affected or 
are only slightly affected. Tolerance is not race specific and in some cases is 
not nematode specific. If several high-yielding tolerant varieties were to be 
developed for Illinois, SCN might become less of a problem. Because tolerant 
varieties do not reduce the SCN population as resistant varieties do, they cannot 
replace resistant varieties in the cropping sequence outlined above. If tolerant 
varieties are used in that sequence, the following year's susceptible variety 
would be severely damaged.
Biological control is a popular area of research today. About 100 fungi have been 
isolated from cysts and have been found to be associated with nonviable eggs.
Fifty percent or more of the cysts extracted from the soil are parasitized. Bio­
logical control is a common phenomenon in nature, but it has only been successful 
in the Midsouth, where SCN has been established for a long time and where suscep­
tible soybeans were frequently grown despite yield losses from SCN. As technology 
improves, biological control will become increasingly practical.
Genetics and plant breeding have been the most productive areas of research for 
SCN management. New higher-yielding resistant varieties continue to be developed. 
However, the relatively small pool of resistant genes may pose problems as these 
genes are continually used. Breeding for tolerance may become more popular in the 
1990s.
Cropping systems research continues to be a productive area and may link with 
other areas of research in the future. Determining which crops and varieties are 
best grown, and when biological or chemical control should be exploited, is the 
foundation for sound economical SCN management. The current limited spectrum of 
crops that most growers in Illinois produce renders creative research in this area 
difficult.
Although nematicide screening research is relatively stagnant, nematicides may be 
used more frequently than other options by soybean producers in the 1990s.
Growers do not use more nematicides now and may not use more in the future be­
cause: 1) Monetary inputs are considerably greater than rotation or resistance.
2) Personal and environmental hazards may be associated with nematicide use. 3) 
Nematode populations typically resurge during the growing season, resulting in 
populations that are as great or greater by harvest than if no nematicide had been 
applied. However, early season control results in higher yields. 4) Inconsistent 
performance has plagued many nematicides.
Reasons why nematicide use may increase in future years include: 1) Freedom of
crop and variety selection. Very high-yielding susceptible soybean varieties may 
be more attractive to some producers than average-yielding resistant soybeans. 
Growers do not have to follow a a rigid rotation sequence, although there are 
other benefits to rotation than managing SCN. 2) Nematicides control all races of 
SCN. 3) Nematicides control other soybean nematodes such as lesion (Pratylen- 
chus), which is receiving more recognition as a yield-reducing pest of soybean in 
Illinois. 4) Yields of SCN-infested fields treated with a nematicide often equal 
or exceed noninfested fields of the same variety.
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CONCLUSIONS
Current management strategies are excellent for SCN control when used in conjunc­
tion with regular scouting and race testing. Responsible use of these strategies 
by growers and innovative research by nematologists and breeders will ensure their 
longevity as effective strategies. However, if the amount of infested acreage 
continues to increase, if sources of resistance remain relatively constant, if SCN 
population types (races) continue to change or new ones are recognized, and if 
longer rotations are needed more frequently to manage SCN, nematicides are likely 
to become a more important tactic for the management of SCN in the 1990s.
Table 1. Performance of Registered Nematicides against the Soybean Cyst Nematode 
in Illinois Counties, 1968-1981
Average yield (bu/A)
Chemical and 
location
Product 
(lb/A)
Years
tested
Resistant
varieties Treateda Untreated3-
FURADAN 10G
Franklin 20 band 1975, 1980 32.4 25.4 37.0
MOCAP 10G
Franklin 25, 30 band 1968, 1976 23.4 22.3 27.7
NEMACUR 15G
Franklin 7.3 band 1977, 1978 22.6 20.9 30.4
Vermilion 7.3 band 1977, 1978 41.9 37.2
Franklin 14.5 band 1975, 1978, 30.6 27.9 33.8
1979, 1980
Vermilion 14.5 1977, 1978, 35.4 31.7 33.0 (36.4)b
1979, 1980
Franklin 29 band 1974, 1975, 29.7 26.1 35.2
1979, 1980
Vermilion 29 band 1979, 1980 32.4 28.9 33.0 (36.4)b
TEMIK 15G
Franklin 7 in-furrow 1980, 1981 31.3 27.2
Vermilion 7 in-furrow 1980 35.3 26.6
Franklin 10 band 1978, 1979, 28.6 25.0 28.9
1980
Vermilion 10 band 1978, 1979 37.1 30.3 33.0 (36.4)b
Franklin 14 band 1977, 1978, 30.4 26.4 31.3
1979, 1980
Vermilion 14 band 1978, 1979, 40.3 30.3 33.0 (36.4)b
1980
Franklin 20 band 1976, 1977, 35.7 29.0 31.6
1979, 1980
Vermilion 20 band 1977, 1979, 41.6 33.0 33.0 (36.4)b
1980
aTreated and untreated varieties for Franklin County tests were Clark 63 
(1968-1974), Williams (1977-1978), Cutler 71 (1975-1976), and Mitchell 
(1979-1980).Resistant varieties for Franklin County tests were Custer (1968-1977) 
and Franklin (1977-present).
Treated and untreated varieties for Vermilion County tests were Amsoy 71 
(1977-1979) and Wells II (1980).The resistant variety used in Vermilion County 
tests was Franklin. 
bThe yield of CN 290.
Data: D.I. Edwards, USDA-ARS
38
Factors Affecting Crop Tolerance to Herbicides
R. Liebl
Weed control in corn and soybeans is a vital component of the crop management 
system. During the past 20 years, increased reliance has been placed on herbicides 
as the basic weed control practice. Essential 100 percent of the corn and soybean 
acreage in Illinois receives one or more herbicide treatments each year. Because 
herbicides are an effective and reliable component of weed control programs, it is 
not likely that herbicide use will decline in the near future.
Despite heavy herbicide use, farmers in Illinois suffer economic losses due to 
weeds left uncontrolled. Part of the problem is that the rate of many of the 
currently used herbicides is based on crop tolerance rather than weed control. 
Therefore, they are only partially effective on weeds. Greater and more effective 
use of herbicides in soybeans or on corn could be attained if greater tolerance 
could be incorporated into the crop.
The breeding of herbicide-tolerant crop cultivars is a refinement of present weed 
control technology. In breeding for crop tolerance the objective is to adjust the 
genotype of the crop plant to maximize the selectivity of the herbicide between 
weeds and crop. Because plant susceptibility to herbicides is based primarily on 
biochemical differences rather than morphological variation, these mechanisms for 
tolerance have a genetic basis. Currently, the primary source of genetic material 
for selection purposes is existing cultivars. The literature clearly indicates 
that, within germplasm collections of major crop species and their wild relatives 
variation for herbicide tolerance exists. An excellent example of the use of 
varietal variation is in soybeans with the herbicide metribuzin. Extensive 
screening of commercial soybean varieties revealed a wide range of herbicide 
responses. More detailed studies have shown that metribuzin tolerance is inherited 
by a single recessive gene, so transfer to other varieties should be relatively 
simple. Researchers in Mississippi have successfully used this information to 
develop a metribuzin-- tolerant soybean variety. Primitive or wild relatives can 
also be used as a potential source of herbicide tolerance. In Canada, triazine 
resistance found in the weed wild turnip rape has been successfully incorporated in 
commercial rape seed cultivars. At the University of Illinois a collection of wild 
perennial Glycine species was recently screened for tolerance to the herbicide 
glyphosate. Many of the accessions exhibited greater tolerance to glyphosate than 
Glycine max. At rates needed for weed control (0.75 to 1.25 kg/ha) 50 of the 170 
accessions studied survived, some with little injury. Current research efforts 
have been expanded to include studies with additional perennial Glycine species and 
to investigate the mechanism(s) responsible for the selective toxic action between 
tolerant and susceptible lines. The long-term goal of this research is to 
incorporate glyphosate tolerance into soybeans. Soybean tolerance to glyphosate 
would provide growers, for the first time, the opportunity to control all weeds 
(annual and perennial) with a single application of a postemergence spray.
Research is also underway to improve corn tolerance to the herbicide 2,4-D.
Concern over 2,4-D injury to corn has greatly restricted the use of this herbicide. 
Studies at the University of Illinois, however, have shown a wide range of
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tolerance exists among corn inbreds to foliar applications of 2,4-D. Studies 
similar to the above-mentioned perennial Glycine species studies are being 
conducted to better understand the mechanism(s) and genetics controlling 2,4-D 
tolerance in corn so that corn tolerance to this effective and inexpensive 
herbicide can be increased.
Only within the past five years have chemical and seed companies as well as 
universities directed research efforts at developing herbicide--tolerant/resistent 
cultivars. In prior years, the chemical industry sought to overcome poor herbicide 
performance by developing more herbicides instead finding better ways of using 
existing products (e.g., tolerant cultivars). Chemical companies have been 
reluctant to commit research dollars for the development of resistent varieties.
By the time a herbicide has proven itself in the field and breeders become 
interested in developing a resistant or tolerant crop, half its patent life has 
elapsed. The time required to develop and release a resistent variety would 
approach the time when the herbicide is off patent and available to other 
manufacturers. Seed companies have also been less than enthusiastic about 
developing herbicide-- tolerant crop varieties. Because of the many product changes 
that occur in the herbicide market annually, seed companies fear tolerant varieties 
would quickly become outdated.
Recent developments in genetic engineering including cell and tissue culture and 
transfer of recombinant DNA, however, have increased interest and the probability 
of rapid transfer of resistant genes between plants, including noninterbreeding 
species. Also, changes in patent laws coverning resistent varieties will provide 
industry with greater protection and therefore additional incentive to develop 
herbicide tolerant crop lines. Although this area is very new, there already are 
examples of successful attempts to incorporate resistant genes into crop plants.
In the near future we will likely see tremendous growth in the development of 
resistant varieties. Successful programs will likely be the result of cooperative 
efforts between chemical and seed companies along with assistance from the academic 
community. The development of resistant varieties should go a long way to improve 
crop production efficiency. Through the proper choice of herbicides and varieties 
farmers will be able to maximize herbicide efficacy while minimizing crop injury.
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Corn Rootworm Control: Do We Have Any New Solutions?
M. Bergman
The topic of managing corn rootworm larvae is certainly not new to anyone asso­
ciated with corn production in the Midwest. Unfortunately, the frank answer to 
the question about new solutions for controlling corn rootworms is: "No, there
are no new solutions at this time!" However, a wealth of information has been 
generated in the past several years that can definitely be used to improve exis­
ting control methods. Thus, this paper will provide a brief overview of the alter­
natives for controlling corn rootworms with an update on the latest research 
information.
PLANTING-TIME APPLICATIONS OF SOIL INSECTICIDES
Without a doubt, more insecticide is applied at planting time to control corn 
rootworm larvae than at any other time. In fact, more insecticide is applied in 
this fashion for corn rootworm larvae than for any other insect in the world!
Thus, the standard of comparison for any alternative control method is the 
planting-time treatment. Reasons for the popularity of planting-time treatments 
include: (1) the insecticides are relatively inexpensive (as a percentage of
total production costs); (2) application at planting is convenient; and (3) 
overall, control has been remarkably good. Assessing "overall" performance can be 
misleading, however, and is of little interest to an individual producer with a 
performance problem. Therefore, it is probably best to assess the performance of 
planting-time treatments based on consistency of performance over time and across 
many locations.
A summary of insecticide test results for all the currently registered soil 
insecticides, except newly registered Aastar 15G, is listed in Table 1. The 
results are from trials that have been conducted in Indiana since 1980. Only 
data from replicated experiments that contained all of the registered products are 
presented. Several criteria are provided for evaluating these insecticides for 
their ability to protect corn roots. Two opposing conclusions can be drawn from 
this summary: (1) there is some variation in control among products, but most of
the soil insecticides are very reliable and perform with acceptable consistency; 
or (2) none of the insecticides performs consistently well 100 percent of the 
time. The latter is probably of greatest practical significance, especially for 
developing appropriate expectations about soil insecticide performance.
These test-plot data were obtained from plots established by corn insect 
researchers at Purdue University with techniques similar to those used by other 
researchers across the Corn Belt. All of these researchers take extreme care to 
ensure that application of the insecticide is as uniform and accurate as possible.
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In fact, researchers at the University of Illinois, Iowa State University, and 
Purdue University utilize individual applicator units specifically calibrated for 
only one insecticide. Accuracy of insecticide delivery is usually measured in 
terms of grams, and insecticide placement is continuously monitored and tested to 
ensure that application is as close to "textbook" as possible in order to minimize 
the variability related to application errors. Obviously, even with such careful 
attention to detail for application, there are certain situations where, for other 
reasons, insecticides do not perform as well as expected. Does this indicate that 
we are expecting too much from a chemical applied weeks before the target organism 
is present, or has some factor or phenomenon changed or developed that might limit 
the success of the soil insecticides?
Table 1. Consistency of Root Protection with Soil Insecticides in Indiana,
1980-1986a
Insecticides
Percentage of test plots where the 
than 2.5 or 3.0 when:
root damage rating was less
Untreated > 3.0b Untreated >4.0° Untreated >5.0d
< 2.5 < 3.0 < 2.5 < 3.0 < 2.5 < 3.0
Broot 15GX 58 65 45 55 33 55
Counter 15G 96 96 95 95 92 92
Dyfonate 20G 85 96 85 95 83 92
Furadan 15G2e 54 73 45 65 58 75
Lorsban 15G 77 92 70 90 42 85
Mocap 15G 50 81 40 75 58 92
Thimet 20G 77 85 70 80 58 75
aAll insecticides applied as bands at planting at 1.2 ounces active ingredient per 
1,000 feet of row.
^26 plots 
c20 plots 
dll plots
eIncludes performance on Furadan history or problems soils.
The importance of meticulous attention to details during application cannot be 
overstressed. This is the only factor that is controlled entirely by the pro­
ducer. A number of studies have been conducted in Illinois, Indiana, and Iowa 
during the past several years to determine the best placement of soil insecticides 
at planting, and the results of those studies are quite clear. For best results, 
a soil insecticide should be placed in such a way that it can be effectively 
incorporated into the soil and activated by soil moisture. The placement options 
for row applications at planting, either in-furrow or banded, have not changed. 
Either placement can be effective, even in the heavy surface residue character­
istic of no-till systems, provided the insecticide is applied in front of 
furrow-closure or press wheels to capitalize on the incorporation provided by 
these wheels. Furthermore, application of the proper rate cannot be overempha­
sized. Increasing the insecticide application rate by 1.5 to 3 times provides no 
reliable gain in control, while reducing rates by as little as one-fourth could 
result in poor control. However, the insecticides used today are not foolproof, 
even when the greatest care is taken to apply them properly.
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In addition to application, a number of other factors can affect the performance 
of soil insecticides. These include:
- population intensity of the rootworms;
- seasonal development of rootworm populations (time of egg hatch);
- susceptibility of the rootworm populations to the insecticides;
- soil moisture;
- planting date;
- conditions at planting (seedbed, wind speed, and direction);
- the inherent toxicity of the insecticide used;
- and microbial degradation.
Unfortunately, explaining an insecticide performance problem in terms of several 
biological and environmental variables is often difficult, if not impossible.
Enhanced microbial degradation of pesticides, especially the soil insecticides, 
has been discussed at length in recent years and is currently the focus of inten­
sive research efforts. In some instances, microorganisms have shortened the 
effective lives of some soil insecticides, most commonly where the same insecti­
cide had been used repeatedly in the same field. Not all insecticide performance 
problems can be attributed to this phenomenon, so it is unclear how important it 
is for explaining performance problems, even though the phenomenon has been 
repeatedly documented.
Regardless of the cause of performance problems or whether the number of problems 
has increased, there are probably more corn rootworms in the Corn Belt today than 
ever before, even though most continuous corn acreage is treated with an insecti­
cide at planting time. Although it may seem that the rootworms are winning the 
battle, their increase in numbers has occurred primarily because some rootworms 
always survive outside of the zone treated with a soil insecticide. Soil insec­
ticides applied at planting to control corn rootworms are, at best, a crop 
protection tool and do not provide a means of managing corn rootworm populations.
POSTEMERGENCE TREATMENTS FOR CORN ROOTWORM CONTROL
One alternative to applying an insecticide at planting for corn rootworm control 
is to apply the insecticide after corn emergence. The greatest benefit of this 
technique is that the insecticide is applied closer to the time that larvae are 
present and feeding on corn roots. Postemergence treatments can be used in two 
ways, either as preventative or corrective measures. Corrective treatments are 
typically applied when larvae and damage are evident and when economic damage is 
likely or already present and will greatly increase if an insecticide is not 
applied. This situation may occur when an insecticide was not applied at planting 
time but should have been or when a planting-time treatment fails to provide ade­
quate control. At present, the difficulty in accurately sampling soil and corn 
roots for rootworm larvae and then making a decision to apply an insecticide based 
on these sample results makes this technique a very inexact science. Postemergence 
treatments applied in a preventative sense are a much more viable alternative.
Preventative postemergence treatments are usually applied for the same reason as 
planting-time treatments: in anticipation of a rootworm problem if no insecticide
is used. The only difference is the time of application. Once again, because a 
number of biological and environmental variables can influence the rootworms, corn 
plants, and insecticides, it is unreasonable to think that switching from planting
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to postemergence treatments will eliminate performance problems. Furthermore, 
adverse weather conditions or the need to cover an extensive amount of acreage 
with application equipment could prevent timely application and diminish results.
Whenever possible, postemergence treatments should be applied in a 6- to 8-inch 
band centered over the row. This is most easily accomplished by mounting appli­
cation equipment on a cultivator. Cultivation is essential for bringing the insec­
ticide in contact with soil moisture, which is necessary for activation and move­
ment of the insecticide into the root zone. Because many producers are reducing 
field traffic to save on machinery and fuel costs, they may be unwilling to con­
sider "reconditioning" the cultivator or purchasing new equipment as an alterna­
tive to applying a soil insecticide at planting.
Recent research completed at Purdue University has documented that an insecticide 
applied at cultivation can offer benefits if it is tank-mixed with nitrogen 
fertilizer. The benefit is not derived from better control because of the 
nitrogen. In fact, control with insecticide mixed with nitrogen was the same as 
with insecticide mixed with water and the same as with a standard planting-time 
treatment. However, splitting the total nitrogen dose into two quantities and 
applying one-third at or near planting and the remainder at cultivation provided a 
substantial yield benefit over a system where all the nitrogen was applied at or 
near planting. Corn plants receiving a split application of nitrogen are able to 
utilize the fertilizer more efficiently than when the entire dose of nitrogen is 
applied at once. However, the response varies considerably with variety.
Table 2. Main Effects of Time of Nitrogen Fertilizer Application and Time of 
Insecticide Applicationa on Corn Rootworm Larval Feeding Damage and 
Grain Yield in Indiana, 1984
Wanatah Lafayette
__________________________root damage^-c Yield0 root damage^•c Yield0 •^
Nitrogen fertilization
Preemergence only 2.9 a 123.6 a 3.9 a 107.6 a
Split application 3.0 a 148.3 b 3.6 a 118.2 a
Insecticide treatment
Planting-time 2.8 a 138.1 a 3.1 a 118.7 a
Postemergence 2.5 a 131.2 a 3.3 a 120.7 a
None 3.6 b 138.6 a 4.9 b 99.3 b
aDyfonate 4EC applied at a rate of 1.2 ounces of active ingredient per 1,000 fei
of row in 6- to 8-inch bands.■L
DMean root-damage rating on a scale of 1 to 6, where 1 = no damage, 6 = 3 or more 
nodes of roots completely destroyed.
cMeans sharing a common letter do not differ significantly (DNMRT; P = 0.05). 
^Yield in bushels per acre at 15.5 percent moisture.
Whether postemergence applications are tank-mixed or applied alone, the timing is 
critical for successful control of corn rootworms. Delaying treatment inevitably
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allows some rootworms to occur before the insecticide is present. As a general 
rule, treatments applied after June 10 will allow some feeding damage to occur 
before the insecticide becomes activated and moves into the root zone.
Where cultivation is not possible, postemergence treatments are probably not a 
viable alternative to planting-time applications of soil insecticides for control 
of corn rootworms. Conservation tillage systems that do not allow cultivation 
with conventional equipment probably represent the biggest roadblock for postemer­
gence treatments. One possible alternative to application through conventional 
! spray equipment mounted on a cultivator is high-pressure injection. The Nutri- 
blast system is a high-pressure (1,200 to 2,000 pounds per square inch) injection 
system that was developed for applying nitrogen solutions in no-till corn.
In 1985 the Nutriblast system was compared with conventional spray equipment for 
applying tank mixes of urea and insecticide for simultaneous nitrogen fertiliza­
tion and rootworm control. Insecticide (Furadan 4F)-urea mixtures were applied in 
a narrow stream approximately 4 inches to either side of the row or in a 6- to 
8-inch band through conventional nozzles mounted on a cultivator. Rootworm 
control with the Nutriblast system was not different from the untreated controls 
and was significantly worse than either the control with postemergence treatments 
applied with the cultivator or the control with a planting-time insecticide. The 
results of this experiment indicate that postemergence treatments should be 
limited to tillage systems where cultivation is feasible. They underscore the 
importance of applying the insecticide in a band to protect the root system at the 
base of the plant.
When properly used, preventative postemergence applications can provide control 
equivalent to if not better than control with planting-time treatments, especially 
on early-planted corn. Therefore, it is unwise to consider using both treatments 
in the same field, since the same results should be obtainable with only the 
postemergence treatment.
Overall, postemergence treatments represent an alternative to the planting-time 
application of soil insecticides for corn rootworm control. Although some pro­
ducers may actually benefit economically by switching to postemergence treatments, 
a higher level of management is necessary for successful postemergence treatments. 
As a consequence, they cannot be considered a cure-all. Furthermore, because 
postemergence treatments, like planting-time treatments, are most cost-effective 
when applied in the row, they also represent crop protection tools and are not 
effective in managing corn rootworm populations.
ADULT SUPPRESSION TO LIMIT EGG LAYING BY CORN ROOTWORM BEETLES
Although soil insecticides are relatively inexpensive and convenient, it probably 
makes very little biological sense to target the larval stage with control meas­
ures . Treating for larvae allows surviving adults to lay eggs freely in late 
summer so larvae hatch the following year. Then soil insecticides must be used to 
protect the corn from the root-feeding larvae.
Surely it would be more sensible to focus control efforts on the adult stage, 
prevent egg laying, and thereby minimize the chances for root damage if corn is 
planted after corn. Entomologists conducting rootworm research in Nebraska many 
years ago recognized the potential for this system. R. E. Hill and co-workers 
reported in the late 1940s that aerial application of DDT to a field heavily
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infested with corn rootworm adults "reduced rootworm populations so effectively 
that lodging was of little consequence during the immediate succeeding season" 
(Hill et al. 1948). During that same time, however, the potential for excellent 
control with preplant applications of soil-applied insecticides was demonstrated, 
and the convenience of applying the insecticides to the soil won favor over 
treating adults. Research regarding adult control subsequently decreased, largely 
because most researchers were concentrating on evaluating and refining the use of 
soil-applied insecticides.
In the late 1960s and into the 1970s, Nebraska researchers tested a wide-scale 
adult control program by spraying all cornfields in a 16-square mile area with 
malathion ULV (ultra low volume) (Pruess et al. 1972). They concluded that this 
technique was every bit as effective as the soil insecticides in protecting corn 
plants from larval feeding in individual fields. However, their approach was no 
more effective in reducing rootworm populations than were the soil insecticides 
because if no treatment was applied, populations rebounded to economic levels the 
following year. Although these researchers concluded that area-wide treatment was 
not economically feasible for controlling corn rootworms, they suggested that 
adult suppression to prevent egg laying and subsequent larval damage in individual 
fields should be effective. Shortly thereafter, the Union Carbide Corporation 
promoted adult suppression with their product, Sevin, to prevent egg laying.
The concept of adult suppression to prevent oviposition by corn rootworm adults 
has been evaluated throughout the Corn Belt. Side-by-side comparisons were 
conducted in Indiana from 1975 through 1978, exploring adult control with carbaryl 
and larval control with soil insecticides. The research demonstrated that the two 
techniques were equally effective in limiting root damage. In 15 of 17 tests, 
damage in the areas treated with either control measure was below a damage rating 
of 3 on the scale of 1 to 6. Entomologists concluded that adult control could be 
used effectively to prevent larval damage in individual fields. But control was 
no better than with soil insecticides, probably more costly than the soil insecti­
cides, and required a higher level of management. Therefore, interest in adult 
control to prevent egg laying and larval damage subsided for several years. 
Recently, however, there has been renewed interest in this approach because of the 
perceived increase in variability of soil insecticide performance.
A great deal of valuable information has been gathered since the early days of the 
push for adult suppression for larval control in continuous corn. Most impor­
tantly, the time of egg laying is better understood. Entomologists generally 
agree that the vast majority of corn rootworm eggs are laid in August (Hein and 
Tollefson 1985). Thus, the important time frame for protection is considerably 
shorter than what most entomologists believed years ago when many treatments were 
first applied in mid-July and protection was needed through early September. In 
addition, researchers have demonstrated that corn rootworm adults, especially the 
western species, can move readily from field to field; females disperse much more 
than males (Godfrey and Turpin 1983; Coates et al. 1986); and most dispersal 
occurs in early August. Current knowledge about the time of egg laying and female 
dispersal from fields where the beetles emerge suggests that an aerial application 
of an insecticide at the end of July or beginning of August should reduce adult 
populations and limit egg laying and dispersal.
Research under way at Purdue is focusing on the phenomenon of adult dispersal in 
an effort to develop a better system for using adult control practices to achieve 
crop protection through population management. Some of these studies are located
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in northern Indiana in LaPorte County, which has the fourth largest corn acreage 
base in Indiana. More importantly, the county is bordered on the north by Lake 
Michigan. The importance of the proximity of the lake is that an interesting 
phenomenon occurs annually on the beaches, and research regarding this phenomenon 
may be invaluable for developing a better understanding of beetle dispersal. Live 
western corn rootworm beetles wash ashore annually, and these beetles are primar­
ily females (>75 percent). The seasonal occurrence of these "beach beetles" seems 
to coincide remarkably well with observed population fluctuations in nearby corn­
fields: beetles emerge only in continuous corn, but they can be found in all
cornfields by mid-August. This implies that the beetles migrate from field to 
field. Data collected in 1984 from 41 cornfields (15 continuous corn, 26 
corn-following-soybeans) and on the shores of Lake Michigan are shown in Figures 
1A and IB. In theory, a properly timed adult treatment should limit egg laying 
and prevent dispersal of females from a continuous cornfield. This would minimize 
the chances of larval damage to corn the following year in the treated field and 
possibly in surrounding fields with low densities of adults. This theory is 
currently being tested in an area-wide management program in northern Indiana, 
while additional studies are being conducted to investigate the factors that 
affect dispersal of the beetles.
An exciting new development that could greatly enhance our ability to manage corn 
rootworm populations by manipulating adult populations has arisen from research 
regarding the response of western corn rootworm adults to cucurbitacins, compounds 
that occur naturally in many squash plants. Corn rootworm beetles will feed 
voraciously on plant tissue containing curcubitacins. In fact, research has shown 
that a bait mixture containing ground squash, sex pheromone, and a minute dose of 
insecticide (less than .02 times the normal amount of carbaryl applied for adult 
control) will very rapidly devastate a population of corn rootworm adults. Al­
though the preliminary results with this approach were extremely exciting, prog­
ress has been slowed in a search for a formulation that has strong knockdown and 
good residual activity. If a toxic bait mixture can be developed that capitalizes 
on the power of the curbitacins to modify beetle behavior, adult control practices 
could very well be revolutionized.
From a practical standpoint, the status of adult control to prevent egg laying is 
not much different than when it was first proposed in the 1970s. The program is 
specific for individual fields and functions much like the soil insecticides as a 
crop protection tool. With a better understanding of the population dynamics of 
beetles and new behavior-modifying chemicals, corn rootworm management may advance 
to the point where populations could be targeted beyond the individual-field 
level. That would result in a bonafide insect management program for crop 
protection.
ON THE HORIZON
A great deal of research is under way to develop and evaluate novel approaches for 
managing corn rootworms that would have longer-lasting effects than the currently 
used insecticides. Employing natural enemies of corn rootworms, particuarly 
pathogens, is one distinct possibility. Several species of nematodes, fungi, and 
bacteria are able to infect and kill corn rootworm larvae and may hold promise as 
future pest managment tools. The time-honored technique of breeding plants that 
have natural resistance or tolerance to insect feeding has not been a major factor 
in the management of corn rootworms. However, with a better understanding of how 
rootworm larvae recognize corn plants and with the development of genetic engi-
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neering, plant breeders may well develop varieties of corn resistant to corn 
rootworms. Last, but certainly not least, new synthetic insecticides will be 
available in the future to add to or replace existing chemical controls.
SUMMARY
Although it is interesting to ponder a "better mouse trap," the reality of the 
situation is that the corn rootworm problems we face must be handled with existing 
technology. There are many possible new solutions on the horizon for manageing 
this recurring corn insect pest. Several have the potential for revolutionizing 
control practices perhaps decreasing the impact of these insects. For the time 
being, however, producers who choose to grow corn following corn, instead of 
annually rotating with some crop other than corn, will continue to rely on con­
ventional insecticides for rootworm control. Even with the perceived increase in 
variability of performance with planting-time applications of soil insecticides, 
the best rootworm control can usually be obtained with at-planting treatments. 
Postemergence treatments and aerial applications of insecticides to prevent egg 
laying by adults are viable alternatives to achieve protection of corn roots, but 
both require more intensive management skills.
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Figure Seasonal fluctuations in populations of western corn rootworm beetles 
in continuous and first-year cornfields (A) and occurrence on the 
shores of Lake Michigan (B) in northern Indiana, 1984.
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Corn Root worm Larval Control— 
Research and Management in Illinois
K. Steffey, D. Kuhlman, and K. Kinney
In our continuing effort to evaluate the efficacy of registered and experimental 
corn rootworm soil insecticides and to try to solve the mysteries of rootworm con­
trol problems, Extension and research entomologists at the University of Illinois 
and the Illinois Natural History Survey teamed up to conduct a total of 14 separ­
ate control trials in 1986. Our efficacy-testing program expanded considerably in
1986, so we were able to get a first-hand look at several products projected for
entry into the market at some time during the next seven years. We also evaluated 
biological control agents, different methods and times of insecticide application, 
and the effects of chemical rotation and continuous use of the same chemical on 
rootworm control.
The results from only six of these trials will be discussed in the first portion
of this article. Dr. Joe Maddox, Dr. Eli Levine, and Karl Kinney will report
elsewhere on the results of their work with Steinernema feltiae, an entomogenous 
nematode, and Beauvaria bassiana, a pathogenic fungus. Dr. Allan Felsot is con­
ducting a long-term experiment in which the effects of chemical rotation and con­
tinuous use of the same chemicals are being examined. These results will be 
reported when the project is completed within the next two years. Finally, the 
rootworm pressure in four of the fourteen trials was light (average root rating in 
the untreated checks was less than 3.0), so the results will not be discussed 
here. We will publish a large report that will include the results from all of 
the work conducted by our "Insecticide Efficacy Project."
The second portion of this article will be devoted to a discussion of our sugges­
tions for corn rootworm management in 1987. We use the results obtained from corn 
rootworm research trials conducted in Illinois and other states in the Corn Belt 
to develop these recommendations.
EVALUATIONS OF ROOTWORM CONTROL TRIALS
The only results reported in this article are the root-damage rating data. Other 
evaluations and information, such as plant population counts, weather data, and 
field histories will be presented in our "Insecticide Efficacy Project" report. 
Five root systems from each treatment in every replication of each trial were dug, 
washed, and rated for rootworm damage. We used the Iowa State University root­
rating scale, which includes six categories ranging from 1 (no damage) to 6 
(severe damage). This scale is explained in the article titled "Rootworms in Corn 
After Soybeans? Survey Results and Management Suggestions," which is included in 
this manual.
EFFICACY TRIALS--REGISTERED AND EXPERIMENTAL COMPOUNDS 
Methods
Soil insecticides to control corn rootworm larvae were evaluated in large-scale 
trials located near Bloomington, Monmouth, and Henry, Illinois. Corn was planted
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in Hay in 30-inch rows with a John Deere 7000 series four-row planter at all three 
locations. Each plot was cultivated in June with a four-row cultivator pulled 
behind a tractor. Each treatment, except where otherwise noted, was applied to a 
single row approximately 100 feet in length. The experimental design was a ran­
domized complete block with four replications. Because the number of treatments 
was so large at these three locations, extra untreated check plots were included 
at each site: six at Bloomington and two each at Monmouth and Henry.
Granular insecticides applied at planting and at cultivation were metered through 
Noble units mounted on each of the planter units and on the cultivator. The 
planting-time granules were applied in-furrow in a 7-inch band ahead of the firm­
ing wheels on the planter or in a 7-inch band behind the firming wheels. Spring 
tines mounted behind each planter unit were used to incorporate the insecticides 
at planting, except where otherwise noted. Insecticides applied at cultivation 
were incorporated into the soil with the cultivator shovels.
Liquid insecticides sprayed at planting were applied in one of two ways. Most of 
the treatments were applied at a pressure of 28 pounds per square inch (psi) in 20 
GPA gallons per acre (GPA) and were banded over the row and ahead of the firming 
wheels with flat fan nozzles (Spraying Systems 8002E) mounted on each of the 
planter units. The insecticides were incorporated with spring tines mounted be­
hind each of the planter units. At Bloomington, Lorsban 4E was also applied at 
30 psi in 23 GPA with flooding nozzles with 1/16-inch diameter openings mounted 
beneath sweeps designed to lift up the soil and allow the nozzles to spray the 
insecticide in a 7-inch band approximately 3 to 4 inches below the soil surface.
In order to balance the effect of these sweeps on the planter, the subsurface 
applications of Lorsban 4E were made to two adjacent rows within each replication.
Liquid insecticides applied at cultivation time were sprayed at 30 psi in 40 GPA 
through two flat fan nozzles (Spraying Systems 8002E) mounted on either side of 
the row to be treated. The sprays were applied in a 7-to 8-inch band over the row 
and directed toward the base of the corn plants. The insecticides were incor­
porated with the cultivator shovels.
The efficacy of an entomogenous nematode, Steinernema feltiae, against corn root- 
worm larvae was also evaluated at the Bloomington location. The nematodes were 
applied in an agar solution at the rates of 10,000 and 20,000 nematodes per linear 
meter of row. Applications of this nematode "solution" were made at both planting 
and cultivation times. The nematodes applied at planting were sprayed at a pres­
sure of 15 psi approximately 5 to 6 inches below the soil surface with the speci­
ally designed sweeps previously discussed. The nematodes applied at cultivation 
were sprayed at a pressure of 15 psi approximately 4 inches below the soil surface 
through modified anhydrous knives with 1/16-inch diameter openings that directed 
the sprays to both sides of the row. The nematode "solutions" were applied at 
both planting and cultivation to two adjacent rows for the reason explained above.
Results
The results of our root-rating evaluations of these trials are presented in Tables 
1 through 3. Although the data have been statistically analyzed and significant 
differences among treatments were found, the results of these analyses are not 
presented in order to conserve space in the tables. A complete set of statistical 
analyses of these evaluations will be presented in the report published by our 
"Insecticide Efficacy Project."
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The amount of data presented in Tables 1 through 3 is voluminous, so we will pro­
vide a summary for each location. Certain trends in the data were consistent 
among all locations, so our discussion will also be divided into suitable sections 
where these trends will be explained.
Bloomington. The rootworm pressure at the Bloomington location was extremely 
heavy, with an average root rating of 5.84 in the untreated checks. All of the 
registered insecticides except Aastar and Furadan provided excellent rootworm con­
trol with average root ratings well below 3.0 when applied in a 7-inch band and 
incorporated at planting. Aastar provided moderate control with an average root 
rating of 3.0, but Furadan, a carbamate, performed very poorly, with an average 
root rating of 5.75. The performance of all carbamates applied at all locations 
will be discussed in a subsequent section.
In-furrow applications of both Counter and Lorsban also provided excellent root- 
worm control. Furadan applied in-furrow did not provide acceptable rootworm con­
trol with an average root rating of 4.50, although control was better than that 
provided by the band application of Furadan.
All of the registered granular insecticides except Furadan also provided excellent 
rootworm control when applied at cultivation. Of all of the application methods 
by which Furadan was applied, however, the cultivation-time treatment provided the 
best, although only moderate, rootworm control with an average root rating of 
3.55.
Many of the experimental compounds provided excellent rootworm control. DuPont's 
SD-208304, Stauffer's SC-0567, Uniroyal's UBI-B8451, FMC’s 67825, ICI's PP-993, 
and Pennwalt's TD-2208 and TD-2209 all had average root ratings below 3.0.
Lilly's EL-499, Ciba-Geigy's CGA-12223, and Uniroyal's UBI-A920 provided only 
moderate rootworm control.
The nematode treatments provided no rootworm control with average root ratings of 
5.88 and 5.94 when applied at planting and cultivation, respectively. We are 
uncertain why this entomogenous species did not control rootworm larvae because 
laboratory results have been excellent; but application techniques and environ­
mental conditions are critical components involved in the potential success of 
these nematodes. Our application techniques were experimental and we were not 
certain how deep in the soil the nematodes should have been placed to improve 
their chances for survival. These uncertainties may have been responsible for the 
failure of the nematodes to control rootworm larvae. In addition, although the 
soil moisture at Bloomington was adequate from the time of planting to the time of 
root-rating evaluations, most researchers still do not know how much moisture is 
enough to keep the nematodes alive. In spite of the failure of these nematodes to 
control rootworms in our trials in 1986, future research is planned to investigate 
these organisms.
Lorsban 4E applied as a subsurface band provided no rootworm control with an aver­
age root rating of 6.0. Although Lorsban 4E applied as a surface band at planting 
has never provided good rootworm control in our trials, we believed that a subsur­
face placement might improve control. Again, we are not certain why this treat­
ment did not work, but we suspect that we may have placed the insecticide too deep 
in the soil. Further work with subsurface placement of both granules and liquids 
is planned.
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Monmouth. The rootworm pressure at the Monmouth location was moderately heavy 
with an average root rating of 4.18 in the untreated checks. All of the regis­
tered products except Furadan, which will be discussed later, provided good root- 
worm control when they were applied at planting, and all of the products except 
Lorsban also provided acceptable control when applied at cultivation. Again, the 
in-furrow applications of Counter and Lorsban gave good rootworm control.
All of the experimental soil insecticides except EL-499 tested at the Monmouth 
site provided acceptable to excellent rootworm control. EL-499 provided only mar­
ginal control with average root rating of 3.0.
Applications of Counter, Furadan, Thimet, and Dyfonate at cultivation provided 
acceptable rootworm control. It is interesting to note that Furadan provided good 
control as a cultivator application but performed poorly as a planting-time appli­
cation. Lorsban 15G applied at cultivation provided only marginal control.
Henry. The trial located at Henry initially was a much larger experiment than is 
indicated in Table 3. A major application mistake made during cultivation forced 
us to evaluate those treatments for which we could gather information from at 
least three replications. The data presented in Table 3 are average root ratings 
from either three or four replications, so they should be examined with caution.
The rootworm pressure at the Henry location was heavy with average root rating of 
5.16 in the untreated checks. Except for Mocap applied at cultivation, EL-499 ap­
plied at planting, Furadan 4F applied at planting, and Dyfonate 4E applied at 
planting, all of the treatments evaluated provided average root ratings of less 
than 3.0. Again, a word of caution: these averages are based on different sam­
ple sizes, so the data should be viewed appropriately.
Summary
Registered soil insecticides. Under the circumstances in which these products 
were tested, the performance of almost all of the registered compounds at all 
three locations was very good. Except for Furadan, all of the products applied at 
planting time provided good rootworm control. Even when Counter and Lorsban were 
applied behind the firming wheels and not incorporated with tines (Table 1), these 
products performed very well. The Bloomington site received rather large amounts 
of rainfall for an extended period of time after planting, so the rain may have 
aided the movement of both Counter and Lorsban into the soil. These results were 
unlike the results obtained from three trials evaluated in 1985 where the perfor­
mance of Counter and Lorsban applied behind the firming wheels was consistently 
worse than that provided by the labeled application methods.
Cultivation applications. With few exceptions, all granular insecticides applied 
at cultivation provided good rootworm control. Lorsban 15G and Broot 15GX pro­
vided marginal to poor control when applied at cultivation. Both of these pro­
ducts are rather insoluble and often do not work well if soil moisture is limited 
after application.
Experimental soil insecticides. Many of the experimental compounds we evaluated 
in our rootworm control trials provided consistently good to excellent control. 
DuPont's SD-208304, Stauffer's SC-0567, and Uniroyal's UBI-B8451 were consistently 
at the top of the lists regarding root protection. ICI's PP-993, a pyrethroid 
soil insecticide, has performed consistently in the past and continues to provide 
very good rootworm control. FMC's 67825 and Pennwalt’s TD-2208 and TD-2209 also 
look promising for the future.
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Carbamates. Before the trials were established in 1986, we knew that the Monmouth 
location had had a history of rootworm control problems with Furadan. However, we 
did not know the history of the field at the Bloomington location. The perfor­
mance of most of the carbamates at Bloomington indicates that this field may have 
also had a history of Furadan use in the past. Furadan 15G and 4F applied at both 
planting and cultivation provided only moderate to very poor control of rootworms. 
Both UBI-A920, an experimental carbamate, and the liquid formulation of Broot 
(timethacarb SOW) also failed to provide acceptable rootworm control. However, 
both Broot 15GX and Lance 15G applied at planting provided acceptable rootworm 
control.
The performance of Furadan was improved considerably when it was applied at culti­
vation at both Bloomington and Monmouth. If the poor performance of most of the 
carbamates was caused by enhanced microbial degradation in our trials, it seems 
possible that if these chemicals are applied at cultivation, they may persist long 
enough to provide adequate or at least moderate rootworm control.
Furadan 15G and Lance 15G applied at planting at the Henry site both provided good 
rootworm control. This field has not had a history of Furadan use.
Liquid insecticides. With the exception of Furadan 4F applied at cultivation at 
Monmouth, none of the liquid insecticide applications provided acceptable rootworm 
control. Because of the inconvenience of banded liquid applications and the more 
toxic nature of liquid insecticides, most growers will probably choose not to 
handle liquid soil insecticides at planting. Based on our results, the level of 
control achieved with liquid rootworm soil insecticides would not be acceptable to 
most growers anyway.
SOIL INSECTICIDE TRIALS IN FIELDS THAT HAD ROOTWORM CONTROL PROBLEMS IN 1985 
Methods
Soil insecticides to control corn rootworm larvae in fields that had a reported 
control problem in 1985 were evaluated in cornfields in Stephenson, Marshall, and 
Champaign counties. The growers planted the corn in 1986 with conventional equip­
ment. Before the plants emerged, soil insecticides were applied in a 7-inch band 
over the planted row with a bicycle-wheeled applicator. The insecticides were 
metered through Noble units and were incorporated with a rake after application. 
Some of the insecticides were applied at rates of both 1 and 2 pounds of active 
ingredient per acre (lb. ai/A).
Each treatment was applied to a single row approximately 100 feet in length. The 
experimental design was a randomized complete block with four replications.
Results
The results from these trials are presented in Tables 4 through 6. The rootworm 
pressure at the Stephenson County location (Table 4) was heavy with an average 
root rating of 4.9 in the untreated check. Only Lorsban 15G applied at 2 lb. ai/A 
held the root ratings below 3.0.
The rootworm pressure at the Marshall County location (Table 5) was moderate with 
an average root rating of 3.6 in the untreated check. The average root ratings 
for Furadan 15G applied at both 1 and 2 lb. ai/A were not significantly different 
from the average root rating for the untreated check. Counter, Dyfonate, and 
Lorsban held the root ratings below 3.0.
54
The rootworm pressure at the Champaign County location (Table 6) was heavy with an 
average root rating of 4.75 in the untreated check. All of the insecticide treat­
ments held the average root rating below 3.
Summary
The results from these three trials, although quite variable, indicate that con­
tinuous use of any one soil insecticide in the same field is not a wise management 
practice. This conclusion has been documented repeatedly over the past few years 
by entomologists at several midwestern universities. The results from these types 
of trials are never completely consistent, but the trends are obvious.
SUGGESTIONS FOR MANAGEMENT OF CORN ROOTWORMS IN 1987
As Marlin Bergman states in the preceding article, "Corn Rootworm Control: Do We
Have Any New Solutions?" the corn rootworm problems we face must currently be 
handled with existing technology. The vast majority of rootworm control efforts 
will continue to be rotation of corn with a nonhost crop and the use of soil 
insecticides at planting in fields where corn follows corn. New chemicals being 
developed, potential biological control organisms, rootworm beetle suppression 
programs, and application of soil insecticides at cultivation all offer current or 
potential alternatives. But for now, corn growers must concentrate on managing 
their overall rootworm control, including insecticide management, with a concern 
about how their actions now will affect control alternatives in the future.
Detailed suggestions for corn rootworm management are discussed thoroughly in 
University of Illinois circular 899: Insect Pest Management Guide - Field and
Forage Crops that is included in the 1987 Illinois Pest Control Handbook. Very 
few changes in recommendations have been made since last year. Only our sugges­
tions for alternating rootworm soil insecticides are slightly different:
1. If performance of a soil insecticide has been poor in a particular field in 
recent years, a grower should not use the same insecticide in that field in 
1987.
2. A grower should avoid using carbamates in the same field in consecutive years.
3. A grower should avoid using the same organophosphate in the same field for 
several consecutive years.
As we discussed in an article entitled "Corn Rootworm Management" in last year's 
Spray School proceedings, the success or failure of a corn rootworm management 
program ultimately rests in the hands of the grower. Corn growers should make 
every effort to evaluate all alternatives for corn rootworm control and integrate 
his or her decisions into the crop management plans for the entire farm.
Pesticide dealers and insecticide manufacturing company representatives also share 
the responsibility for the success or failure of corn rootworm management pro­
grams. Many growers seek practical advice from pesticide dealers, so dealers 
should help the growers make appropriate decisions about rootworm management. In 
addition, most pesticide dealers in Illinois are exposed to the most current re­
search regarding rootworm management and rootworm control problems, so they can 
provide corn growers with very valuable, up-to-date information.
Representatives of the companies that manufacture rootworm insecticides should 
also lend a hand in solving the mysteries of rootworm control problems. Many of
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the major pesticide manufacturing companies have expanded their research efforts 
beyond insecticide efficacy programs to include studies that address the reasons 
for control problems and examine the potential for new and different control 
alternatives. This initiative has been welcomed by university researchers and 
Extension personnel, and further team efforts should be continued. Working 
together, university and industry researchers may be able to solve some of the 
complexities involved in corn rootworm management programs.
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Table 1. Corn Rootworm Soil Insecticide 
Illinois, 1986
Evaluation, Bloomington, McLean County,
Rate
(pounds of active Method of Mean
Product ingredient per acre)3 application root rating
SD-208304 15G 0.75 7 - in. band 1.15
SC-0567 5G 1.0 furrow 1.27c
SD-208304 1.0 7-in. band 1.30
UBI-B8451 15G 1.0 7-in. band 1.40
SC-0567 5G 0.5 7-in. band 1.45
Counter 15G 1.0 7-in. band 1.60
Counter 15G 1.0 cultivation 1.65
FMC-67825 20G 0.75 7-in. band 1.67c
SC-0567 5G 0.5 furrow 1.67c
SC-0567 5G 1.0 7-in. band 1.70
FMC-67825 20G 1.0 7 - in. band 1.80
Dyfonate 20G 1.0 7-in. band 1.90
SC-0567 5G 0.25 furrow 1.90
Dyfonate 20G (clay) 1.0 7-in. band 2.00
SC-0567 5G 0.25 7-in. band 2.00
Thimet 20G 1.0 7-in. band 2.00
Lorsban 15G 1.0 7-in. band 2.05
PP-993 1.5G 0.1 7-in. band 2.05
Counter 15G 1.0 furrow 2.15
PP-993 1.5G 0.125 7-in. band 2.15
Dyfonate 20G 1.0 cultivation 2.20
Broot 15GX 1.0 7-in. band 2.30
Counter 15G 1.0 7-in. band01
TD-2209 15G 0.75
(no incorp.) 
7-in. band
2.30
2.30
Mocap 15G 1.0 7-in. band 2.35
FMC-67825 20G 1.0 cultivation 2.45
TD-2208 15G 1.0 7-in. band 2.45
Thimet 20G 1.0 cultivation 2.45
TD-2208 15G 1.0 furrow 2.50
FMC-67825 20G 0.75 cultivation 2.55
Lorsban 15G 1.0 furrow 2.55
Mocap 15G 1.0 cultivation 2.65
TD-2209 15G 1.0 7-in. band 2.65
TD-2208 15G 0.75 7-in. band 2.75
Lance 15G 1.0 7-in. band 2.93c
Aastar 15G 1.0 7-in. band 3.00
TD-2209 15G 1.0 furrow 3.00
EL-499 10G 0.37 7-in. band^ 3.10
CGA-12223 4E 0.5 7-in. band 3.20
EL-499 10G 0.49 7-in. band0* 3.35
Lorsban 15G 1.0 7-in. band‘d
Lorsban 15G 1.0
(no incorp.) 
cultivation
3.35
3.45
Furadan 15G 1.0 cultivation 3.55
(continued)
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Table 1. (continued)
Product
Rate
(pounds of active 
ingredient per acre)3
Method of 
application
Mean
root rating*5
Trimethacarb SOW 1.0 7-in. band 3.73°
Broot 15GX 1.0 cultivation 4.00
UBI-A920 15G 1.0 7-in. band 4.10
Dyfonate 4.6MS 1.0 cultivation 4.20
Furadan 15G 1.0 furrow 4.50
Lorsban 4E 1.0 cultivation 4.50
Furadan 4F 1.0 cultivation 4.65
Furadan 15G 1.0 7 - in. band‘d 
(no incorp.) 4.85
Trimethacarb 50W 1.0 cultivation 5.30
Furadan 4F 1.0 7-in. band 5.60
Furadan 15G 1.0 7-in. band 5.75
Untreated Check « • • • ' . 5.84e
Nematodes 20,000f 7-in. band 
(subsurface)§ 5.88e
Nematodes 10,000f cultivation 
(an. knives)*1 5.94e
Dyfonate 4E 1.0 7-in. band 5.95
Lorsban 4E 1.0 7-in. band 
(subsurface)1 5.98e
Lorsban 4E 1.0 7 - in. band 6.00
aRate based on 40-inch row spacing.
^Root damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication), except where noted. 
cMissing observations (fewer than 20).
^Insecticide applied behind the firming wheels of the planter. 
eMore than 20 observations. See text for sample size.
■^ Number of entomogenous nematodes per linear meter of row.
^Liquid applied approximately 5 to 6 inches below the soil surface with specially 
designed sweeps.
^Liquid applied approximately 4 inches below the soil surface with modified 
anhydrous knives.
1Liquid applied approximately 3 to 4 inches below the soil surface with specially 
designed sweeps.
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Table 2. Corn Rootworm Soil Insecticide Evaluation, Monmouth, Warren County, 
Illinois, 1986
Product
Rate
(pounds of active 
ingredient per acre)a
Method of 
application
Mean
root rating^
PP-993 1.5G 0.125 7-in. band 1.85
Mocap 15G 1.0 7 - in. band 1.90
SD-208304 15G 1.0 7-in. band 1.95
UBI-B8451 15G 1.0 7-in. band 1.95
Dyfonate 20G (clay) 1.0 7 - in. band 2.00
PP-993 1.5G 0.1 7-in. band 2.05
Counter 15G 1.0 7 - in. band 2.10
Counter 15G 1.0 furrow 2.10
FMC-67825 20G 1.0 cultivation 2.10
Dyfonate 20G 1.0 7-in. band 2.15
FMC-67825 20G 1.0 7 - in. band 2.15
SD-208304 15G 0.75 7-in. band 2.15
FMC-67825 20G 0.75 7-in. band 2.20
TD-2208 15G 1.0 furrow 2.30
Counter 15G 1.0 cultivation 2.35
TD-2209 15G 1.0 7-in. band 2.35
Furadan 15G 1.0 cultivation 2.45
Mocap 15G 1.0 cultivation 2.47°
Lorsban 15G 1.0 7-in. band 2.50
Lorsban 15G 1.0 furrow 2.50
TD-2208 15G 1.0 7-in. band 2.55
Thimet 20G 1.0 cultivation 2.60
UBI-A920 15G 1.0 7-in. band 2.60
Thimet 20G 1.0 7-in. band 2.65
FMC-67825 20G 0.75 cultivation 2.67°
EL-499 10G 0.37 7-in. band^ 2.70
Furadan 4F 1.0 cultivation 2.70
Aastar 15G 1.0 7-in. band 2.75
TD-2208 15G 0.75 7-in. band 2.75
TD-2209 15G 0.75 7-in. band 2.75
TD-2209 15G 1.0 furrow 2.75
Dyfonate 20G 1.0 cultivation 2.85
EL-499 10G 0.49 7-in. band 3.00
Lorsban 15G 1.0 cultivation 3.05
Dyfonate 4E 1.0 7-in. band 3.20
Lorsban 4E 1.0 cultivation 3.30
Furadan 15G 1.0 7-in. band 4.00
Furadan 15G 1.0 furrow 4.15
Untreated Check • • . • • • 4.18e
Furadan 4F 1.0 7-in. band 4.90
aRate based on 40-inch row spacing.
^Root damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication), except where noted. 
cMissing observations (fewer than 20).
^Insecticide applied behind the firming wheels of the planter. 
eMore than 20 observations. See text for sample size.
Table 3. Corn Rootworm Soil Insecticide Evaluation, Henry, Marshall County, 
Illinois, 1986
Product
Rate
(pounds of active 
ingredient per acre)a
Method of 
application
Mean
root rating^>c
Counter 15G 1.0 7-in. band 1.95
Lance 15G 1.0 7-in. band 2.06
FMC-67825 20G 0.75 7-in. band 2.13
SD-208304 15G 0.75 7-in. band 2.13
SD-208304 15G 1.0 7-in. band 2.13
FMC-67825 20G 1.0 7-in. band 2.20
PP-993 1.5G 0.1 7-in. band 2.25
Aastar 15G 1.0 7-in. band 2.35
Lorsban 15G 1.0 furrow 2.45
Furadan 15G 1.0 furrow 2.47
Lorsban 15G 1.0 7-in. band 2.50
Mocap 15G 1.0 cultivation 3.00
EL-499 10G 0.49 7-in. bandd 3.60
Furadan 4F 1.0 7-in. band 3.75
Dyfonate 4E 1.0 7-in. band 3.80
Untreated Check . . . •• • 5.16
aRate based on 40-inch row spacing.
dRoot damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6).
cMean root rating based on variable number of observations. See text for 
explanation.
^Insecticide applied behind the firming wheels of the planter.
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Table 4. Corn Rootworm Soil Insecticide Evaluation, Stephenson County, 
Illinois, 1986
Rate
Product
(pounds of active 
ingredient per acre)a
Method of
■ Lapplication0
Mean
root rating0
Lorsban 15G 2.0 7-in. band 2.85
Counter 15G 2.0 7-in. band 3.00
Lorsban 15G 1.0 7-in. band 3.25
Dyfonate 20G 1.0 7-in. band 3.35
Furadan 15G 2.0 7-in. band 3.45
Counter 15G 1.0 7-in. band 3.70
Furadan 15G 1.0 7-in. band 3.90
Untreated Check . . . •• * 4.90
Insecticide history: 1976 to 1985
1975
1972 to 1974
Counter 15G
Furadan 15G (reported failure) 
Furadan 15G
aRate based on 40-inch row spacing.
^Insecticide applied with a bicycle-wheeled applicator and incorporated with a 
rake.
cRoot damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication).
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Table 5. Corn Rootworm Soil Insecticide Evaluation, Marshall County, 
Illinois, 1986
Product
Rate
(pounds of active 
ingredient per acre)a
Method of 
application^
Mean
root rating0
Counter 15G 2.0 7-in. band 2.25
Dyfonate 20G 1.0 7-in. band 2.50
Lorsban 15G 2.0 7-in. band 2.50
Lorsban 15G 1.0 7-in. band 2.55
Counter 15G 1.0 7-in. band 2.95
Furadan 15G 2.0 7-in. band 3.50
Untreated Check • • • • • • 3.60
Furadan 15G 1.0 7-in. band 4.05
Counter 15G
(farmer application) 1.0 7-in. band 2.80
aRate based on 40-inch row spacing
DInsecticide applied. with a bicycle-wheeled applicator and incorporated with a
rake.
cRoot damage rating scale includes six categories ranging from no damage (1) to
severe damage (6). Mean is based <an 20 observations (4 replications x 5 samples
per replication).
Table 6. Corn Rootworm Soil Insecticide Evaluation,  Champaign County,
Illinois, 1986
Rate
(pounds of iactive Method of Mean
Product ingredient per acre)a application^ root rating0
Furadan 15G 2.0 7-in. band 1.60
Furadan 15G 1.0 7 - in. band 1.75
Counter 15G 2.0 7-in. band 2.10
Counter 15G 1.0 7-in. band 2.45
Lorsban 15G 2.0 7-in. band 2.65
Lorsban 15G 1.0 7-in. band 2.80
Dyfonate 20G 1.0 7 - in. band 2.90
Untreated Check
a n „ t . i____ j  _ /.a
. . . • • • 4.75
DInsecticide applied with a bicycle-wheeled applicator and incorporated with a 
rake.
cRoot damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication).
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Perspective on Seed Treatments and Foliar Fungicides
for the Seed Corn Industry
W. Pedersen, K. Bowen, and B. Jacobsen
SEED TREATMENTS
Corn is planted on approximately 11 million acres in Illinois annually. Virtually 
100 percent of the seed is currently treated with one of the formulations of 
captan. This fungicide was first used on corn in the early 1950s and is extremely 
effective against most soil-borne fungal pathogens. In 1980, the EPA issued an 
RPAR (rebuttable presumption against registration) against captan. In 1981, we 
conducted an extensive study in which we evaluated approximately 15 corn hybrids, 
with and without captan, at 37 locations throughout the Corn Belt. The results of 
that study demonstrated clearly that a stand reduction of nearly 10 percent and a 
yield reduction of 9 percent would occur if captan, or another effective seed 
treatment, were not used. At present, no decision has been made concerning the 
final fate of captan as a seed treatment.
In 1986, we conducted a follow-up study of 34 locations throughout the Corn Belt 
comparing captan and TCMTB (Nusan). TCMTB is a fungicide that is used extensively 
as a cotton seed treatment as well as a wood preservative. It is approved by EPA 
as a seed treatment for corn, but hasn't been used due to the uniform acceptance 
of captan. This study included four commercial hybrids and one inbred. Prelimi­
nary results are presented in Table 1. The results of this study show that in 
1986, a reduction of 6.1 percent in plant stands would have occurred if captan had 
not been used. The study also showed that TCMTB was comparable to captan as a 
seed treatment for corn. We also evaluated a number of fungicide combinations 
(i.e., captan plus metalaxyl or captan plus carboxin), but found none that were 
superior to captan based on seedling emergence.
Table 1. Summary of seed treatments over locations and geno­
types for cold germination and percent emergence
Treatment
Cold
germination
Percent
emergence
captan (1.75 oz/cwt) 91.2 percent 82.0 percent
TCMTB (1.50 oz/cwt) 91.6 percent 79.9 percent
TCMTB (3.00 oz/cwt) 88.4 percent 80.6 percent
Control 85.4 percent 75.9 percent
LSD (0.05) 2.9 3.1
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FOLIAR FUNGICIDES
Foliar disease levels on inbreds at particular growth stages affect particular 
yield components, and a measure of disease throughout the season (area under the 
disease progress curve = AUDPC) is highly correlated to total yields. Levels of 
disease on plants during the initial stages of ear development are especially 
important in affecting yields. Data, collected from experiments conducted in two 
years in two locations on three inbred parental sets, show that seed numbers are 
reduced between 12 and 2 percent with every 1 percent increase in disease severity 
during the first two weeks after anthesis. Total hybrid seed yields are reduced 
between 3 and 6 percent with every 100 units AUDPC (Figure 1). The yield decrease 
would justify the use of fungicides to minimize disease and the loss associated 
with disease.
The importance of disease early in ear development indicates the need to initiate 
fungicidal applications when disease is first evident. Weekly applications of a 
protectant fungicide (such as mancozeb) at recommended rates, and applications of 
Tilt (Ciba-Geigy), a systemic fungicide at three week intervals at 2X recommended 
rates, were initiated when disease was first observed in inoculated plots of 
inbreds. (At the time of this writing [October 1986], Tilt is not registered for 
use on seed corn. A label is currently pending with the EPA.) These fungicides 
reduced disease levels compared to inbreds not treated with fungicides (Figure 2), 
and resulted in yield increases from 4 to 54 percent, depending on the inbred.
Another stress that may reduce yields is the loss of leaf tissue from detasseling. 
Losses due to defoliation during detasseling may actually be more than potential 
losses due to disease, particularly in more disease-resistant female inbreds 
(Table 2).
This research clearly demonstrates that seed yields can be economically increased 
through the use of fungicides for foliar disease control and changes in tassel 
removal systems.
Table 2. Percent leaf tissue removed with detasseling and 
reduction in yield relative to tasseled plants,
Urbana, 1985
% Defoliation % Yield Maximum disease
A632 Pulled 9.9 97 11
Cut 24.8 82*
B73 Pulled 4.4 96 3.5
Cut 18.2 83*
Mol7 Pulled 3.0 94 3.0
Cut 22.8 87*
*Yield of detasseled plants were significantly lower, by 
Fisher’s least significant difference (P = 0.05), than 
tasseled plants.
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Monmouth 1984 and 1985
Urbana 1984 and 1985
Figure 1. Percent maximum yield (PMY) of three corn inbreds as affected by 
northern corn leaf blight.
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The Yuppie Weed — Velvetleaf
F. Roeth
Velvetleaf (Abutilon theophrasti) is a modern weed. Sleek, adaptable, aggressive, 
and competitive could describe velvetleaf (or buttonweed if you prefer) as well as 
any young, successful business executive. The ability to adapt to changing 
conditions contributes greatly to the success of each.
In a 1968 survey, velvetleaf was listed as one of the five most important (i.e. 
troublesome) weeds in corn and soybeans in the Midwest, infesting 30 to 40 percent 
of those crops' acreages. Trends were listed as stationary in six states, 
including Illinois, and upward in four other states. Illinois listed velvetleaf 
as its fifth most important weed in both corn and soybeans. (Extent and Cost of 
Weed Control with Herbicides and an Evaluation of Important Weeds in 1968,
ARS-H-1, 1972.)
In 1985 the North Central Weed Control Conference published a list of important 
weeds by states and categorized them as most common, most troublesome, most 
costly, and increasers. In the North Central region velvetleaf was listed as the 
most troublesome weed in soybeans by nine states and second by another three. In 
corn, velvetleaf was listed as a troublesome weed by 10 of the 14 states. Table 1 
shows the important weeds in Illinois.
These rankings certainly qualify velvetleaf as a YUPPIE (Yesterday's Underesti­
mated Pest Proliferates in Illinois Environment) weed. Why has this weed thrived 
so well and what can we do about it? To understand why velvetleaf is a major weed 
problem, one has to consider the plant's biology and our current crop culture.
Problems with velvetleaf arise from its seed dormancy, robust seedling vigor, 
variable emergence time, and ability to produce seed under competition. However, 
equally important factors are trends in production practices such as corn herbi­
cide combinations that do not use full rates of atrazine, decreasing postemergence 
use of 2,4-D in corn, the increasing acreage of soybeans, less intensive cultiva­
tion, and 'one-shot' weed control practices.
Velvetleaf is an annual weed with considerable seed dormancy. Estimates are that 
velvetleaf seed can survive 40 to 50 years in the soil. Under normal conditions 
only 5 to 15 percent of the seed will germinate per year. Under intensive tillage 
this figure may double, but in the short term it still remains too low to sub­
stantially lower the seedbank (seeds in the soil). In a study of six velvetleaf- 
infested corn fields in Nebraska over a two-year period, the average velvetleaf 
seedbank increased 71 percent. One million seeds germinated and decayed per acre 
per year; however, six million were produced as replacements. The study showed
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that ordinary farmer control practices were inadequate to hold velvetleaf in 
check.
In addition to its seed dormancy, velvetleaf responds favorably to conditions 
imposed on it in the corn or soybean environment. Variable flushes of germination 
allow velvetleaf to avoid a complete wipe-out. Shade tolerance and daylength 
response provide the ability to flower and set seed under the crop canopy.
Control of velvetleaf requires a concerted effort including cultural practices 
that favor good crop growth and competition, cultivation, effective herbicides, 
and even roguing tall escapes. One velvetleaf growing full-season can produce 
several thousand seeds. Often a grower relies on a short residual herbicide with 
four weeks of potency to give full-season control. Not only do we not get full- 
season control, but usually some of the first flush are not killed. Failure to 
remove these escapes can negate an otherwise effective practice. In a field with 
a moderate velvetleaf seedbank, a postemergence herbicide is frequently needed to 
clean up the escapes. Because herbicides vary considerably in effectiveness on 
velvetleaf the rest of the discussion will focus on specific herbicides for corn 
and soybeans.
HERBICIDE CONTROLS FOR VELVETLEAF IN CORN
In corn, atrazine continues to be the best soil-applied herbicide for velvetleaf 
control. However, cutting the atrazine application rate from 3 quarts per acre to 
1-1/2 quarts per acre or less, as in combinations with grass herbicides, reduces 
atrazine's effectiveness considerably, especially against high velvetleaf popula­
tions. In situations where the atrazine rate must be reduced, (1) combine 
Eradicane, Sutan+, Bladex, or Prowl with atrazine or (2) combine Sencor with 
atrazine plus Dual or Lasso. These combinations should provide satisfactory 
preemergence control in corn without increasing carryover risk.
Recent reports indicate that triazine- resistant velvetleaf has been found and 
confirmed in the northeast U.S. Though confirmation in the Midwest is lacking, a 
survey of 400 growers in the Midwest showed that 17 percent felt they had 
triazine-resistant weeds. Of these, 37 percent mentioned velvetleaf as their 
problem weed. Even though this does not necessarily mean triazine resistance, 
this information should encourage us to avoid complete reliance on triazine 
herbicides (atrazine, Bladex, Sencor, Lexone, etc.) in our control programs.
Rotate herbicides and use cultivation to reduce the chances of triazine-resistant 
velvetleaf becoming a major problem.
Effective postemergence herbicides for velvetleaf control in corn are atrazine, 
Bladex, Banvel, 2,4-D, Buctril, and Torch. These work best when velvetleaf is 
less than 4 inches tall; however, since 2,4-D and Banvel move within the plant, 
they can control velvetleaf up to 8 inches tall. Using 2,4-D on short velvetleaf 
allows the use of the minimum rate which increases crop safety. When velvetleaf 
is under moisture stress, 2,4-D ester often gives superior performance. Some 
combinations of these herbicides will outperform single ingredients. These 
include Buctril-atrazine, Torch-atrazine, and Banvel-atrazine (Marksman).
Atrazine or Prowl plus atrazine can be used in corn after the last cultivation as 
a layby treatment to control late-emerging velvetleaf. These treatments have 
particular merit when velvetleaf populations are high and in seed corn production 
fields where less crop shading occurs. These late-emergers can contribute 
significantly to seed production if present in large numbers.
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HERBICIDE CONTROLS FOR VELVETLEAF IN SOYBEANS
In soybeans, Sencor and Lexone (both contain metribuzin as the active ingredient) 
have given good control of velvetleaf. The metribuzin application can be split 
into two parts--preplant incorporated plus preemergence surface-applied--for 
increased soybean safety and improved velvetleaf control. Referred to as a 
"split-shot" application, half of the dosage is incorporated into the soil before 
planting and the other half is applied to the soil surface after planting. Split- 
shot allows a slightly higher use rate and may reduce the cost if the surface 
overlay application is banded over the row only. Vernam and Prowl also will 
provide some velvetleaf control in soybeans but should be combined with metribuzin 
for best results.
Of the newer soybean herbicides, Command has given excellent control of velvetleaf 
and with its extra residual seems certain to help in the velvetleaf battle.
Scepter and Classic appear to be less effective than the top velvetleaf treatments 
but are adequate when combined with metribuzin, Command, or Basagran. Pursuit, an 
experimental herbicide from American Cyanamid, shows good promise on velvetleaf.
As postemergence treatments, Basagran or Blazer plus Basagran should be applied 
when the velvetleaf is two to four inches tall. Velvetleaf over four inches tall 
is more difficult to kill because Basagran and Blazer are not translocated, and 
thorough spray coverage of rapidly-growing plants becomes increasingly difficult. 
Use of several spray nozzles to direct the herbicide into the rows from both sides 
is helpful when the soybeans shield the velvetleaf. The crop oil concentrate 
(COC) additive is particularly helpful for velvetleaf control. Substitution of 
28-0-0 or 10-34-0 fertilizer for the COC has proven effective and allows for the 
use of reduced herbicide rates. The ammonium ion apparently increases herbicide 
penetration into the velvetleaf.
For tall velvetleaf in soybeans, a wiper application of Roundup may be partially 
successful, but usually the height differential is insufficient to allow adequate 
coverage of velvetleaf. Using 2,4-D instead of Roundup in the wiper has not been 
advantageous.
Because tall, maturing velvetleaf has extensive tissue in which to dilute any 
herbicide to an ineffective dosage, late-season herbicide application in the 
current crop is usually not cost-effective. Flowering and further seed production 
may be reduced but seeds already formed are not affected. It is far better to 
control velvetleaf before crop layby.
Microbial herbicides, i.e. diseases that will attack weeds, are mostly experi­
mental, but with additional work they may provide a breakthrough in biological 
weed control. Several naturally occurring pathogens including Fusarium lateritum, 
Macrophomina phaseolina, and Verticillium dahliae have been shown to infect 
velvetleaf. Though testing is limited, experience with other mycoherbicides 
suggests that the concept is workable.
Because velvetleaf is ideally suited to our soybean and corn culture, "one-shot" 
weed control programs are not sufficiently effective to hold it in check. 
Combinations of preventive, cultural, chemical, and mechanical measures are needed 
to reduce its impact and importance. Only with a concerted effort can velvetleaf 
be knocked from its lofty status as a YUPPIE weed.
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Table 1. Im portant Weeds in  I l l in o is ,  1985
Rank Most common1
Most troublesome 
Com Soybeans Most co stly2 Increasincr2
1 g ia n t fo x ta il v e lv e tle a f v e lv e tle a f v e lv e tle a f heap dogbane
2 redroot pigweed g ian t fo x ta il c . cocklebur g ia n t fo x ta il common milkweed
3 c. lambsquarters c. cocklebur ann. m 'g lories c. cocklebur f a l l  panicum
4 common ragweed jimsonweed b. nightshade c . ragweed johnsongrass
5 b. nightshade ann. m 'g lories g. ragweed g. ragweed wirestem muhly
6 v e lv e tle a f c. ragweed h. dogbane ann. m 'g lo ries m aresta il
7 caramon cocklebur g. ragweed common milkweed v e lv e tle a f
1Same fo r  com  and soybeans.
2Not crop s p e c ific .
From North C entral Weed Control Conference Research Report 42:344-355.
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Comparison of Herbicide Application Equipment
D. Gardisser and F. Baldwin
During the last several years, a variety of equipment has been used for applying 
herbicides. Varying results have been reported regarding the performance of the 
equipment. Considerable grower testimony is available, such as "My sprayer did a 
better job", or "I was able to reduce the rate of chemical and achieve the same or 
better results." But many times users compare their equipment to a neighbor's, or 
to results in another field treated with a different piece of equipment on a differ­
ent day. The results of a two-year study comparing different application methods 
indicated that type of application and spray volume did not result in significant 
differences in weed control.
The two-year study reported here was initiated to provide side-by-side comparisons 
of field application methods being used currently. Equipment selected for evalua­
tion included units that were available and are presently being used by producers in 
Arkansas.
The evaluations were conducted on soybean plots. The plots were 4 rows wide (30 
inches) by 30 feet long, and arranged using a random block design with 4 replica­
tions .
During 1985, three different application methods were evaluated. Two spray volumes 
were used for each method. A CO2 powered backpack sprayer with a 10 foot boom 
equipped with flat-fan nozzles spaced 20 inches apart was used to apply spray vol­
umes of 5 and 10 GPA. A S&N sprayer equipped with Spraying Systems air atomizing 
nozzles on 20 inch spacings was used to apply spray volumes of 2 and 5 GPA. A 
Sprayrite unit equipped with four Turbo CDA nozzles on 30 inch spacings was used to 
apply spray volumes of one-half and 2 GPA.
The same application methods were used in 1986 with the addition of a Sprayrite 
sprayer equipped with Turbo conventional flat fan nozzles. This unit consisted of a 
propeller or fan developing a downward air blast over the top of 110 degree flat-fan 
nozzles on 30 inch spacings (Tables 1 and 2).
The performance of each application method was evaluated by visual weed control 
ratings and soybean yields. The 1986 crop yields were not available at the time 
this paper was prepared. The 1985 data indicated there were no significant differ­
ences in soybean yield at the 95 percent confidence level when evaluated by applica­
tion method. There were significant differences when compared by herbicide, which 
was expected (Table 3). Satisfactory weed control was obtained with each of the 
application methods used on each weed species expected to be controlled by a given 
herbicide. Dyanap, for example, gives poor control of pigweed; therefore satisfac­
tory pigweed control was not expected with any application method when using Dyanap.
During 1985 and 1986, visual ratings were taken one week and two months following 
the application. Table 4 contains the averages of the ratings for both years.
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Evaluations were made on the primary broadleaf weeds present (cocklebur, morning- 
glory, and pigweed) and crop injury. In 1986, there was no data available for the 
Blazer treatments using the five gallon conventional and air-atomizing applications 
due to an error at the time of application (Table 4).
Statistical analysis was conducted on the 1986 ratings of weed and crop injury in 
order to compare application methods. None of the application methods evaluated 
were significantly better than the conventional treatments. Although there was no 
significant differences, there was a trend for the air-assist nozzle at 2 GPA and 
the Turbo CDA nozzles at 0.5 GPA applications to provide the highest weed control 
ratings. The air-assist nozzle at 2 GPA had the highest ratings on all the weeds 
evaluated. Crop injury was not significant with any treatment.
All of the sprayers were easily calibrated and operated using the manufacturer's 
guidelines. The 0.5 and 2 GPA treatments used very small orifices to meter the 
small fluid flow rates. No problems with clogged nozzles were noted during these 
applications. However, very sanitary practices were used to avoid fluid 
contaminations. Spraying at a rate of 0.5 GPA is difficult, because it is not 
possible to see the nozzle discharge during application.
Both the Sprayrite and S&N sprayers developed very small droplets, but very little 
swath displacement was noted visually. However, the wind speed was very low during 
application, with essentially no crosswind.
The Turbo-conventional nozzle unit was used only in 1986. Observations of this 
sprayer in operation appeared excellent, and good results were expected. The data 
however did not confirm the visual expectations. The 5 GPA application was always 
on the lower end of the rating scale for the weeds evaluated. However, the dif­
ference was not significant at the 95 percent confidence level (Table 5). It was 
speculated that the spray material was being impounded on the ground and immediately 
tied up. Speculation of a rebound effect from the high downward wind was also made. 
However, if this was happening it should have been visible as off-target deposition 
in adjacent plots, but this was not observed.
Based on the information from these studies, it seems that acceptable weed control 
may be achieved with any of the methods evaluated. Similar results were obtained in 
both 1985 and in 1986. Reports of poor weed control for any of these application 
methods should be closely evaluated for application or mixing errors.
Because there was very little difference in any of the application methods, pro­
ducers should use the method that best fits their production system. Some producers 
are restricted by labor, and use of low spray volumes would alleviate some time and 
cost constraints. Many producers that have a conventional spray system may be able 
to reduce application rates to 5 GPA without changing their application methods.
The conventional method of spraying normally has the lowest purchase price compared 
to low-volume systems. If no additional weed control can be expected with the 
higher priced units, the higher cost must be offset by labor savings and other man­
agement benefits.
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Table 1. Field Plan for 1985 Herbicide Application Methods Study, Pulaski 
County, Arkansas
Type treatment: 5C0N 10CON 5AA 2AA 0.5TCDA 2TCDA
Treatment date: 6/5/85 6/5/85 6/5/85 6/5/85 6/5/85 6/5/85
Sprayer type: Backpack Backpack Air Atom. Air Atom. TCDA TCDA
Speed: 3 mph 3 mph 2.3 mph 5.8 mph 5.8 mph 2.3 mph
Carrier: Water Water Water Water Water Water
Volume: 5 gpa 10 gpa 5 gpa 2 gpa .5 gpa 2 gpa
Pressure: 22 psi 40 psi 40 psi 40 psi 10 psi 15 psi
Nozzle type: Flat Fan Flat Fan Air Atom. Air Atom Yellow Cup Yellow Cup
Tip number: 80-0067 110-01 TK5 TK5 #14 Orifice #20 Orifice
Band width: Broadcast Broadcast Broadcast Broadcast Broadcast Broadcast
Nozzle spacing: 20 inches 20 inches 20 inches 20 inches 30 inches 30 inches
Nozzle height: 18 inches 12 inches 18 inches 18 inches 24 inches 24 inches
Location: Walter Isrig, Pulaski County, AR
Crop: Soybeans Seeding :cate: 45 lb/A
Variety: Jeff Row direction: N - S
Seedbed type: Conventional Expt. design: RCB, 25 trt, 4 rep
Plot size: 10 ft x 30 :ft Soil type: Silt loam, pH 5.2, O.M. 0.7%
Row spacing: 30 inches Planting date: 5/15/85
Seeding depth: 2 1/2 inches Previous crop: Soybeans
Spray date: 6/5/85
Chemical rates:
Blazer/AG 98 0.25 lb a.i./A, 0.13%
Bas/Blaz/AG98 0.50 lb a.i./A, 0.25 lb a.i./A, 0.13%
Dyanap 1.00 lb a.i./A
Scepter 0.13 lb a.i./A
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■^1A Tab le  2 . F ie ld  P lan  fo r  1986 H e rb ic id e  A p p lic a tio n  Methods S tudy, P u la s k i County, Arkansas
Type tre a tm en t: 1000N 5C0N 5TCON 2TCDA 2AA 5AA 0.5TCDA
Treatm ent d a te : 6 /1 3 /8 6 6 /1 3 /8 6 6 /1 3 /8 6  6 /1 3 /8 6 6 /1 3 /8 6 6 /1 3 /8 6 6 /1 3 /8 6
S prayer ty p e : Conv. Boom Conv. Boom Turbo Conv. Turbo CDA A ir  Atom. A ir  Atom. Turbo CDA
Speed: 3 mph 3 .5  mph 3 .0  mph 3 .5  mph 7 .5  mph 3 .0  mph 5 .0  mph
C a rr ie r: W ater W ater W ater W ater W ater W ater W ater
Volume: 10 gpa 5 gpa 5 gpa 2 gpa 2 gpa 5 gpa .5  gpa
Pressure: 40 p s i 30 p s i 31 p s i 16 p s i 4 0 I/1 5 A  p s i 4 0 I/1 5 A  p s i 10 p s i
N ozzle  typ e : F la t  Fan F la t  Fan F la t  Fan Y ello w  Cup Mod. F lood M od.Flood Y ello w  Cup
T ip  number: 11001 800067 11001 #20 O r if ic e TK3/#20 O r. TK3/#20 O r. #14 O r if ic e
Band w id th : Broadcast Broadcast B roadcast Broadcast B roadcast Broadcast Broadcast
N ozzle spacing: 20 inches; 20 inches 30 inches 30 inches 20 inches 20 inches 30 inches
N ozzle  h e ig h t: 12 inches; 18 inches 18 inches 24 inches 18 inches 18 inches 24 inches
Crop: Soybeans Seeding ra te : 45 lb /A
V a r ie ty : Asgrow 5475 Row d ire c tio n : N - S
Seedbed ty p e : C onventional E xp t. design: RCB, 25 t r t ,  4 rep
P lo t s iz e : 10i f t  x  30 f t S o il ty p e : S i l t  Loam, pH 5 .2 ,  O.M. 0.7%
Row spacing: 30i inches P la n tin g  d a te : 5 /1 5 /8 6
Seeding depth: 2 1 /2  inches Previous crop: Soybeans
Spray d a te : 6 /1 3 /8 6
Chem ical ra te s :
B lazer/AG 87 0 .25  lb  a . i . / A ,  0.13%
Bas/B laz/AG 9 8 0 .59  lb  a . i . / A ,  0 .25  lb a . i . / A ,  0.13%
Dyanap 1 .00  lb  a . i . / A
S cepter 0 .13  lb  a . i . / A
Table 3. 1985 Soybean Yield Data
Application Method
Herbicide 5C0NV 10CONV 2AA 5AA 0.5TCDA 2TCDA
Avg. by 
herbicide
(Bushels/Acre)
Dyanap 25 27 27 27 29 29 27
Blazer 29 27 30 26 28 28 28
Basagran + Blazer 31 35 34 30 26 28 31
Scepter 33 31 35 32 37 39 34
Avg. by Method 29 30 31 29 30 31
LSD 0.05 for Method NS 
LSD 0.05 for Herbicide 3 bu/A
75
Table 4. Weed Control Ratings and Soybean Yield Data for 1985-86
Cocklebur Morning-glory Pigweed Crop Soybean
Application control control control inj ury Yield
Herbicide method (%) (%) (%) (%) (bu/A)
Basagran+Blazer 0.5TCDA 95/97 85/98 98/96 3/6 26/
Basagran+Blazer 10CON 94/96 91/97 98/99 5/5 35/
Basagran+Blazer 2AA 97/98 91/98 98/100 3/4 34/
Basagran+Blazer 2TCDA 95/96 92/98 100/99 8/3 28/
Basagran+Blazer 5AA 94/93 91/96 100/95 8/5 30/
Basagran+Blazer 5C0N 91/80 86/71 100/74 0/8 31/
Basagran+Blazer 5TC0N /95 /97 /99 /2
Blazer 0.5TCDA 75/77 68/90 88/97 3/3 28/
Blazer 10C0N 79/75 75/80 100/82 8/4 27/
Blazer 2AA 82/82 75/85 94/99 0/5 30/
Blazer 2TCDA 82/65 74/72 99/84 5/2 30/
Blazer 5AA 81/ 69/ 93/ 3/ 26/
Blazer 5C0N 83/ 76/ 97/ 8/ 29/
Blazer 5TC0N /63 /79 /81 /*
Dyanap 0.5TCDA 93/85 75/82 34/80 8/10 29/
Dyanap 10CON 90/71 84/82 39/69 10/13 27/
Dyanap 2AA 90/87 75/92 50/84 8/11 27/
Dyanap 2TCDA 92/71 83/60 40/76 8/10 29/
Dyanap 5AA 87/82 75/89 27/79 10/14 27/
Dyanap 5 CON 88/77 77/74 23/77 10/11 25/
Dyanap 5TC0N /58 /56 /50 /5
Scepter 0.5TCDA 95/86 49/71 100/95 0/3 37/
Scepter 10CON 95/95 44/73 100/98 0/3 31/
Scepter 2AA 95/91 44/79 100/94 0/0 35/
Scepter 2TCDA 94/94 47/64 100/98 0/4 30/
Scepter 5AA 95/92 44/50 100/96 0/3 32/
Scepter 5C0N 95/93 47/73 100/94 0/1 33/
Scepter 5TC0N /93 /68 /93 /8
Note: 5TC0N was not used in 1985. No 5AA and 5CON data for 1986 due to error at
time of application. No 1986 yield data at time of this writing. 1985 data given
left of (/) and 1986 data is right of (/).
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Table 5. Statistical Analysis for 1986 Field Data
Cocklebur control 
(percent')_____
Grouping Mean
Application
Method
A 89.5 2AA
A 88.7 5AA
B A 86.3 0.5CDA
B A 84.5 10CON
B A C 83.4 SCON
B C 81.3 2CDA
C 77.5 5TC0N
Pigweed control
(p e r c e n t ) __________
Application
Grouping Mean Method
A 94.2 2AA
B A 92.0 0.5CDA
B A 90.3 5AA
B A C 89.5 2CDA
B A C 86.7 10CON
B C 80.6 5TC0N
C 76.7 SCON
Morningglory control 
(percent)
Grouping Mean
Application
Method
A 88.6 2AA
85.2 0.5CDA
B A C 82.8 10CON
B A C 78.6 5AA
B C 75.1 5TC0N
B C 73.5 2CDA
C 72.6 SCON
Crop injury
_______________ (percent)_____________
Application
Grouping_______Mean_________Method
A 7.1 5AA
A 6.3 10CON
A 6.1 5C0N
A 5.7 0.5CDA
A 5.3 2AA
A 4.8 5TC0N
A 4.7 2CDA
Note: Means with the same letter are not significantly different.
Duncan’s grouping for variables indicated at 95 percent of confidence level.
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Additives for Postemergence Herbicides: 
Snake Oil or Silver Bullets?
F. Koppatschek
Is it important to you to have effective and economical weed control? In the past 
few cropping seasons, farmers, custom applicators, and chemical companies have been 
recommending the addition of a fertilizer solution to certain postemergence herbi­
cides to achieve better performance. There has been substantial use of fertilizers 
such as 28 percent nitrogen solution, 10-34-0, and ammonium sulfate with the post­
emergence herbicides Blazer, Basagran, Poast, and Roundup.
In the past, most of these herbicides were used with crop oil concentrate, a 
spreader-sticker surfactant, or by themselves. There are several reasons for 
changing to fertilizers instead of crop oil concentrate or surfactants as addi­
tives. Reduced crop injury, increased control of certain weed species, improved 
herbicide performance under adverse environmental conditions, and the option to 
reduce herbicide use rates have all been cited as reasons to switch to fertilizers 
as adjuvants.
The greatest use of fertilizer additives in the past few cropping seasons has been 
with Blazer and Basagran. BASF, the manufacturer of Basagran, has received EPA 
clearance to label the addition of a gallon of 28 percent nitrogen solution with 
Basagran alone or in a tank mix with Blazer. Rohm and Haas, the maker of Blazer, 
has obtained a label for a Blazer and Basagran tank mix using 1 quart of the ferti­
lizer 10-34-0. At the present time Rohm and Haas is attempting to get an addition 
on their label for a 28 percent nitrogen solution for the Blazer and Basagran tank 
mix. The primary reason for these new label additions is the improved velvetleaf 
control that can be obtained when using a fertilizer additive.
Poast herbicide, a postemergence grass killer for soybeans, is labeled with the use 
of 2.5 lb of ammonium sulfate with 1 quart of crop oil concentrate. The purpose 
for the addition of ammonium sulfate is to improve performance of Poast on volun­
teer corn and perennials such as johnsongrass.
Monsanto has found that the addition of ammonium sulfate can improve Roundup’s per­
formance under some conditions. The Roundup label calls for the addition of 2 per­
cent ammonium sulfate to the spray solution. The enhancement effect has primarly 
been seen in the western United States when the application was made under adverse 
environmental conditions or low spray volumes.
Classic, the sulfonyl urea herbicide is also being investigated for its potential 
enhancement when used with fertilizer additives. Preliminary research conducted 
here at the University of Illinois indicates that control of velvetleaf and some 
other weeds seems to be enhanced by the addition of 28 percent nitrogen solution 
and a nonionic surfactant such as X-77. However, along with the improved velvet- 
leaf control, a slight leaf burn on the soybean leaves can also be detected.
Further research is being conducted to determine which additives are most effective 
in enhancing the control of specific weeds while providing maximum crop safety.
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In the past two years scientists at the University of Illinois have been conducting 
research to determine the most effective use of both Blazer and Basagran with fer­
tilizer additives. Two important issues have been clarified by their findings. 
Velvetleaf control can be improved when a fertilizer additive such as 28 percent 
nitrogen solution, 10-34-0, or ammonium sulfate is used with Blazer and Basagran 
tank mixes or with Basagran alone. In addition, the cosmetic crop injury that 
often occurs when Blazer and Basagran are used with crop oil can also be signifi­
cantly reduced with fertilizer additives.
The most significant enhancement of velvetleaf control was seen at the low end of 
the use rate of the Blazer and Basagran tank mixes. Improved control of velvetleaf 
using a 0.125 lb/ai/A of Blazer with 0.25 lb/ai/A of Basagran with 28 percent N or 
10-34-0 has been about 4-6 percent better than when crop oil concentrate was used. 
As rates of the two herbicides increased, velvetleaf control enhancement using a 
fertilizer additive was evident, but enhancement was not as great as at the low 
herbicide use rates. When 0.50 lb/ai/A of Basagran was used with either 28 percent 
nitrogen solution or 10-34-0, velvetleaf control was improved by 4-6 percent over 
the crop oil treatment. Velvetleaf control with Blazer was also improved using 
fertilizer but was still not at an acceptable level. All applications were made to 
velvetleaf that was between 2 and 5 inches tall.
The fertilizer additives seemed to be primarily specific to velvetleaf. In 1985, 
no enhancement was seen on lambsquarters using fertilizer additives and, in fact, 
the best treatment was one that contained crop oil. In 1986, cocklebur control was 
similar whether crop oil or a fertilizer treatment was used with the Blazer and 
Basagran tank mix.
Crop injury has also been reduced when fertilizer have been used. Our research 
indicates that 28 percent nitrogen solution produces slightly more crop injury than 
10-34-0 or ammonium sulfate. Overall crop injury ratings for a tank mix of 0.25 
lb/ai/A of Blazer plus 0.50 lb/ai/A of Basagran produced about 20 percent soybean 
injury when crop oil was used, 7 percent injury when 10-34-0 was used, 11 percent 
injury when 28 percent nitrogen solution was used, and 8 percent injury when ammo- 
mium sulfate was used.
Fertilizer use rate studies were conducted in the summer of 1986 in an attempt to 
determine the optimum rates for the fertilizer additives with Blazer and Basagran 
tank mixes. Use rates of 28 percent nitrogen, 10-34-0, ammonium sulfate, and crop 
oil were tested by increasing the rate by 100 percent for each rate from 1 pint to 
4 gallons per acre (i.e., 1 pint, 1 quart, 1/2 gallon, 1 gallon, 2 gallons, and 4 
gallons). When 28 percent nitrogen solution use rates were varied, no major dif­
ferences were seen regardless of what additive rate was used. Phytotoxicity was 
slightly higher at the 4- and 2-gallon rates, but no difference in weed control was 
evident. The same trends were present when 10-34-0 and ammonium sulfate were used. 
Crop oil concentrate produced significantly higher crop phytotoxicty than all three 
fertilizers at all the use rates, and velvetleaf control was not as good as it was 
with any of the fertilizers.
Fertilizer additives do not dramatically increase control, so spraying weeds that 
are larger than the label recommends will usually result in poor weed control. The 
quality of the fertilizer material used is also important. A fine grade of ammo­
nium sulfate, possibly of feed quality, will perform better than fertilizer grade. 
There are no reports of inconsistent control owing to different sources of 28 
percent nitrogen or 10-34-0 but using the highest quality will assure consistent
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results. Aluminum and brass nozzles should be avoided when using 28 percent nitro­
gen or 10-34-0 solutions.
Fertilizer additives have the potential to improve the effectiveness and overall 
economics of several postemergence herbicides. Do not expect dramatic improvements 
with fertilizer additives but rather look for subtle differences in results.
80
Untimely Weed Control — Is It Too Late?
D. Anderson
Occasionally a late postemergence herbicide application is needed to prevent yield 
losses or to aid in the control of some perennial weeds. Wet weather or other cir­
cumstances can prevent the grower from getting into the field to make a timely 
postemergence application or cultivation. In some cases the grower delays scouting 
the field for weed escapes until after it is too late to expect good control from 
many postemergence treatments. Options are available in some crops for late post­
emergence herbicide applications.
Grass weeds that are beyond the 3-leaf stage are difficult to control with present 
postemergence corn herbicides. In soybeans, herbicides labeled for postemergence 
applications will not provide adequate control of grass or broadleaf weeds larger 
than about 6 inches in height. If weeds are larger than these stages and are at 
levels likely to result in economic losses, rescue or emergency treatments exist 
for the control or suppression of some weeds.
LABELED TREATMENTS IN CORN
Banvel and 2,4-D are labeled for broadleaf weed control in corn. These herbicides 
should be applied with drop nozzles after corn is more than 8 inches tall in order 
to minimize foliar coverage and keep the herbicide out of the whorl. If the nozzles 
are directed toward the corn row so that the area between the row is not treated, 
the rate needs to be adjusted for the total area treated so that an excessive 
amount is not applied to the corn. 2,4-D should not be applied between tassel and 
dough stages but can be applied between hard dough and harvest. This late applica­
tion can be beneficial for the control of some perennials. Banvel can be applied to 
corn up to 36 inches tall or up to 15 days before tassel, whichever comes first.
To reduce the potential for drift to nearby soybeans, apply Banvel before June 20 
or to corn no more than 10 inches tall. Banvel plus 2,4-D can be applied up to 7 
days before harvest for the control of hemp dogbane. Corn should be in or beyond 
the brown silk stage, nearby soybeans should be in leaf drop, and hemp dogbane 
should have green leaves and pink root buds.
Evik (ametryn) and Linex/Lorox (linuron) are labeled for emergency grass control in 
corn. These treatments should be considered for emergency situations only because 
severe crop injury can result from their use. A height differential must exist be­
tween the corn and the weeds so that the herbicide can be directed onto the weeds 
with minimum contact with the corn foliage. Evik can be used up to three weeks be­
fore corn tassels. Corn should be at least 12 inches tall (free-standing), and 
weeds should be less than 6 inches tall. Lorox and Linex can be used up to the time 
that corn tassels. Corn should be at least 15 inches tall (free-standing), and 
weeds should be no more than 8 inches tall, and preferably no more than 5 inches.
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EXPERIMENTAL TREATMENTS IN CORN
Research has been conducted at the University of Illinois during the past two sea­
sons to determine the crop injury potential of post-directed treatments of Roundup 
(glyphosate), Rodeo (glyphosate), Landmaster (glyphosate plus 2,4-D), Poast (setho- 
xydim), Command (FMC 57020), Pursuit (imazethapyr), and BAS 514 for grass weeds up 
to 10 inches tall when corn is about 28 to 30 inches tall. If a significant corn- 
weed height differential such as this one exists, the herbicide can be effectively 
directed away from the crop, and most of these treatments provide good weed control 
with minimal crop injury. However, severe crop injury and yield reductions can 
occur if very much of the crop foliage is sprayed. None of these treatments is 
currently labeled for use in corn.
LABELED TREATMENTS IN SOYBEANS
Several herbicides are available for late postemergence broadcast application in 
soybeans. Basagran can be applied at 2 to 3 pints to control cocklebur up to 24 
inches tall, or a split application of 1-1/2 pint plus 1-1/2 pint can be made 10 to 
14 days apart. Basagran plus 2,4-DB is labeled for the control of morningglory 
less than 10 inches tall (long). Classic (chlorimuron) is labeled for cocklebur 
less than 12 inches tall and sunflower less than 8 inches tall. Rescue (naptalam 
plus 2,4-DB) can be applied to soybeans greater than 14 inches tall for the control 
of cocklebur 8 to 24 inches tall, giant ragweed 10 to 36 inches tall, and sunflower 
12 inches tall to the early bud stage. Blazer can be applied at three pints for 
the control of jimsonweed at less than the 12-leaf stage and cocklebur, pigweed, 
eastern black nightshade, and common ragweed at less than the 8-leaf stage. If 
2,4-DB is added to Blazer, the application can be made when these weeds (except 
nightshade) are up to 12 inches tall. In addition, 2,4-DB plus Blazer controls 
morningglory.
Poast is labeled at 1-1/2 pints for the rescue treatment of selected grasses in 
soybeans. The grasses should be actively growing. Application can be made to fox­
tail or seedling johnsongrass up to 16 inches tall, fall panicum or barnyardgrass 
up to 12 inches tall, and crabgrass or goosegrass up to 8 inches tall.
Postdirected applications in soybeans can be made with Lorox, Linex, Lorox or Linex 
plus 2,4-DB, 2,4-DB (Butyrac or Butoxone), Goal (oxyfluorfen), or Graxomone Super 
(paraquat). Soybeans should be at least 8 inches tall, and weeds should be less 
than 4 inches in height. Special equipment that might not be available is required 
for these applications.
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Highlights of Weed Science Research for 1986
E. Knake
One of the major objectives of our weed science research at the University of Illi­
nois is to determine appropriate control measures for the weeds that grow in the 
various crops and soils of Illinois under local climatic conditions. Because her­
bicides currently provide a major means of control, we look for new opportunities 
with established products and attempt to determine the potential of new products.
Some research is oriented toward developing a better understanding of specific weed 
species, their effects on crops, and measures for controlling them. Some research 
is oriented toward developing a better understanding of specific herbicides and how 
they act in plants and in the soil. We are also concerned with crop tolerance and 
the fate of herbicides in the environment. Although primary and secondary screen­
ing is a part of our program, considerable effort is devoted to developing weed 
control systems for improving herbicide performance and broadening the spectrum of 
control. We also attempt to develop programs to promote conservation of resources, 
to reduce production costs, and to address unique and urgent issues such as the 
management of vegetation on land set aside from production.
With this overview, let us review some highlights of our weed science research 
during 1986. Additional, more detailed information will be included in the other 
presentations. My emphasis here is on trials with which I was involved.
Some of the relatively new compounds tested include Command, Scepter, Pursuit, 
Turbo, Cinch, Classic, Canopy, Cobra, Tackle, Tandem, Verdict, Assure, Select,
Whip, Marksman, Ignite, Starane, Lontrel, and several numbered compounds.
Velvetleaf and Pigweed
Command was outstanding on velvetleaf but needed help on pigweed, so we attempted 
to delineate rates for designing combinations. On relatively dark soils 3/8 to 1/2 
lb/A ai of Command alone appeared to be adequate for control of velvetleaf, and 
perhaps a slightly lower rate would be adequate when considering additive effects 
for combinations. Although many compounds offer the potential for strengthening 
control of pigweed, some of the more promising seem to be metribuzin, Scepter, 
Pursuit, and perhaps chlorimuron ethyl--the active ingredient of Classic.
Lambsquarters
Because many of the postemergence treatments provide weak control of lambsquarters, 
we studied possibilities for improved control. Soil-applied treatments such as 
Amiben, metribuzin, Command, and Scepter all performed well, and the acetanilides 
gave some help. When postemergence treatments were applied to one-inch lambs­
quarters, Basagran performed better than anticipated, crop oil had a slight edge 
over 28 percent nitrogen, and Blazer was a little weaker. The weakness of Classic 
on lambsquarters was quite dramatic. Soil-applied treatments still appear to be 
our major defense against lambsquarters.
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Secondary Screening
In secondary screening trials at DeKalb, Amiben as a standard was up to its usual 
good performance on annual grasses and several broadleaves. Cinch did relatively 
well on annual grasses, demonstrated weakness on pigweed, and most broadleaves, but 
did have some activity on velvetleaf. The addition of metribuzin, Scepter, or 
Command broadened weed spectrum. However, Cinch and Command were both weak on 
pigweed.
With Command, a study of a range of rates indicated the need for the higher rates 
for most weeds other than velvetleaf. Although Command does a good job on annual 
grasses and many broadleaves, it offers no new hope for morningglory and by itself 
only suppresses cocklebur. Command alone was not good enough on nightshade, but 
with several combinations, it did well. Most combinations solved the pigweed weak­
ness of Command. A combination of Command plus a reduced rate of metribuzin may 
have potential for reducing soybean injury while broadening the spectrum. A three­
way combination with reduced rates of Command, metribuzin, and a low-cost DNA didn't 
miss much except morningglory and cocklebur. These two weeds are not problems in 
all fields and could be controlled rather easily postemergence where they do exist.
Scepter performed relatively well, with acetanilides, a DNA, or Command strengthen­
ing grass control. Although annual morningglory was only suppressed, the effect 
was greater than with most other soil-applied herbicides. Although the label sug­
gests incorporation of Scepter to improve control of nightshade, our results were 
quite good with a surface application. Combinations with Prowl or Command improved 
velvetleaf control as well as grass control. Scepter showed some promise for help­
ing on burcucumber.
Pursuit has generally performed better than Scepter but still needs help for grass. 
When applied postemergence, there was a dramatic difference in plant response be­
tween Scepter and Pursuit. Pursuit caused less injury to corn but greater injury 
to sorghum. The possibility of using a reduced rate of Pursuit and its greater 
corn tolerance suggest Pursuit is less likely than Scepter to have residual effects 
on corn.
SAN 582H gave excellent control of annual grasses and was active on some broadleaf 
weeds, but corn tolerance may merit further study. Except for morningglory and 
cocklebur, Turbo (metribuzin plus metola-chlor) provided very good broad spectrum 
control.
Classic's main strengths are on pigweed, cocklebur, jimsonweed, smartweed, common 
ragweed, and common sunflower. It is weak on velvetleaf, only fair on annual morn­
ingglory, and of no significant help on lambsquarters. Classic may help on nuts- 
edge but is not intended for grass control. Some effect on soybeans may be noted. 
Although the active ingredient can affect corn, it does not control volunteer corn.
Although Canopy gave relatively good broad spectrum control in these trials, re­
strictions on subsequent crops essentially rule it out for this section of the 
state unless soybeans will definitely follow soybeans.
Corn in Soybean Stubble
This was the second year in which we explored the feasibility of planting corn 
no-till in soybean stubble. In 1985 at DeKalb, 15 dif-ferent herbicide treatments
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were surface applied. All gave good weed control, and corn yields ranged from 203 
to 212 bu/A. In 1986, we used some of the same treatments but added Eradicane plus 
atrazine with one pass and with two passes for incorporation after application 
directly to the soybean stubble. Yields ranged from 174 to 183 bu/A, and again, 
weed control was very good with all treatments. Interest in this practice is 
increasing as a way to reduce production costs as well as conserve soil.
Establishing Legumes with Herbicides
Studies to demonstrate the feasibility of using herbicides to aid in legume estab­
lishment were continued. In addition to Eptam and Treflan PPI, postemergence her­
bicides to control grass for legume establishment included Poast, Fusilade,
Verdict, Assure, Whip, Select, BAS 517H, and DPX 6202-31. Results at Monmouth were 
excellent with all treatments. With later treatments at Perry-Orr, control was not 
quite as good. The addition of 2,4-DB significantly improved broadleaf weed con­
trol with no significant antagonism noted.
Planting Corn No-Till in Red Clover or Alfalfa Sod
Several years of research suggest the feasibility of no-till corn following alfalfa 
or clover on set-aside land. With good success at DeKalb and Elwood, we added 
studies more recently on hillsides at Monmouth and Perry-Orr to demonstrate the 
practice in livestock areas.
For a low-cost, spray-plant-harvest program, we have successfully killed shallow 
rooted clover with triazines that also provide preemergence control of annual 
weeds. For deeper rooted alfalfa, 2,4-D or Banvel alone or in combination have 
given good control. Banvel has also done well on clover, whereas 2,4-D is weak on 
some clovers. Marksman was included this year and generally performed quite well. 
This year we had considerable dandelions in one experiment and noted the superior­
ity of 2,4-D over Banvel for this weed. Studies with Starane and Lontrel this year 
suggested considerable promise for these for controlling both alfalfa and clover. 
Perennial grass can present a challenge and can increase the cost of control, so 
well-managed pure legume stands are much preferred.
Soybeans in Sod
Although no-till corn in legume sod has generally worked well, some farmers indi­
cate that where they have clover or alfalfa on set-aside land, they prefer to fol­
low with soybeans and resume their cropping sequence. Although this may be waste­
ful of nitrogen, we have successfully killed the clover and raised soybeans. At 
Elwood, a fall application of Banvel, 2,4-D, a combination of the two, or Roundup 
controlled clover. For alfalfa, fall applications of 2,4-D or 2,4-D plus Banvel 
did well. Early spring applications of 2,4-D or Roundup were less effective than 
fall treatments, and Banvel in spring would present too much risk of injury to soy­
beans. At DeKalb, fall application of 0.5 lb/A dicamba, 1 lb/A 2,4-D or a combina­
tion of 0.5 lb of each gave excellent control of alfalfa, but higher rates of 
Banvel in the fall resulted in some injury to soybeans in the spring.
In several years of studies with soybeans no-till in perennial grass sod, Verdict 
has been one of the most successful treatments. This year, Ignite was less effec­
tive than Roundup. Assure and BAS 517H gave fair control. Timothy has generally 
been one of the easier species to control.
85
Tandem
Timely application of Tandem plus a triazine gave good control of giant foxtail and 
annual broadleaf weeds and was an improvement over atrazine and oil.
Fall Panicum
With seven different tillage treatments at Elwood, either an encapsulated formula­
tion of Eradicane surface applied or Princep followed by early postemergence appli­
cation of Tandem plus Bladex or Bladex plus Prowl gave good control wherever some 
form of tillage had been used. With zero-till, these treatments helped considerably 
but were generally not as effective as with some form of tillage. Princep followed 
by early postemergence of Bladex plus Prowl was the most effective. Tandem has 
generally not been quite as effective on panicum as on giant foxtail. The results 
with the encapsulated formulation of Eradicane suggest that it may merit further 
study. This and previous years' studies for panicum suggest a program with a pre­
emergence herbicide such as Lasso, Dual, Princep, or Eradicane, followed by a 
postemergence application of Bladex plus Prowl to extend control. Further evalua­
tion of Tandem, especially with Bladex, may be appropriate. And "tickling" the 
soil even a little, such as with a disk, appears to help considerably, regardless 
of what tillage was used the previous year.
Wheat and Rye for No-Till Corn and Soybeans
Many wheat stands were damaged so severely during the winter of 1985 and 1986 that 
some farmers asked about killing the remaining wheat for no-till corn or soybeans. 
There is also interest in using wheat or rye for protective soil cover in a conser­
vation program with no-till. Fortunately we had plots established at Elwood for 
more definitive studies. For killing wheat and planting soybeans, the most suc­
cessful treatments were Gramoxone (0.5 lb/A), Fusilade, Verdict, and Assure. Rye 
was more difficult to control but Gramoxone or Assure was effective on it. For 
corn in wheat, atrazine or Bladex at relatively high rates or Dowpon at 3 lb/A did 
fairly well. However, Gramoxone plus atrazine was the most effective with Gramox­
one plus Bladex, also a good possibility. For corn in rye, Gramoxone plus atrazine 
or Bladex was most effective.
Soybeans No-Till after Corn or Soybeans
No-till soybeans are considered a little more of a challenge than no-till corn. 
However, at DeKalb we achieved good control with a variety of burndown treatments 
plus Dual and metribuzin. At Perry-Orr, Poast plus 2,4-D for burndown and Dual 
plus metribuzin for residual was one of the most successful treatments. Other 
relatively good treatments were Verdict plus Canopy and Gramoxone or Roundup plus 
Dual and metribuzin.
Postemergence for Soybeans
The postemergence studies for soybeans were included at DeKalb, Elwood, and Perry- 
Orr. In one DeKalb study with velvetleaf predominant, Basagran with 28 percent 
nitrogen and Cobra with X-77 gave the best control. Blazer plus 10-34-0 gave 
better control than Tackle with X-77.
In studies with Cobra and various additives, excellent control of a broad spectrum 
of broadleaf weeds was achieved. However, in other studies at Monmouth, control of
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lambsquarters was weak. Cobra caused injury on about the first three trifoliol- 
ates, but soybeans generally appeared to outgrow this early season injury. Use of 
10-34-0 resulted in less injury than some other additives.
Incorporation
In a study at DeKalb, encapsulated formulations of Sutan+ and Eradicane were com­
pared with current formulations using surface, one-pass, and two-pass incorpora­
tion. Impregnation on dry fertilizer was also evaluated. With rain occurring about 
four hours after the applications were completed, all formulations and treatments 
worked very well with few differences. The herbicides also performed quite well 
when impregnated on dry fertilizer. Based on this study and additional work at 
Elwood and Perry-Orr, surface application of encapsulated formulations appeared to 
show sufficient promise to merit further study.
Herbicide Residue Studies
In 1985, a study was initiated at DeKalb with various rates of Command, Scepter, 
and Pursuit used on soybeans and corn planted in 1986. Additional studies with the 
addition of Classic were established in 1986 at DeKalb, Monmouth, Urbana, and 
Belleville. A study with several rates of Classic, three tillage systems, and 
three pH levels was also established at Elwood. The primary objective of these 
studies is to determine possible residual effects of these herbicides on corn the 
following year.
In the study started in 1985 at DeKalb, little effect was noted on corn at up to 
double rates. Further evaluations in 1987 should yield considerably more informa­
tion. These studies also allowed some observations on movement of herbicide out­
side the target area.
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Importance and Control of Foliar Diseases in Alfalfa
W. Kirby
Alfalfa is rapidly becoming one of Illinois' important cash crops as well as an 
increasingly valuable commodity for livestock. Because the value of the crop de­
pends largely on the available leaf tissues rather than seed production, as is 
true with grain crops, management of foliar pathogens must be a part of any suc­
cessful alfalfa production system.
Foliar diseases in alfalfa crops can increase rapidly increase in prevalence and 
in severity and can cause severe defoliation as well as a loss in crop quality. 
Infected leaves drop early from the stems and remain an important source of inocu­
lum for additional disease cycles later in the season. Thus, even after primary 
infections have occurred, many secondary epidemics may continue to damage crops 
throughout the season as spores are released and new infections occur.
Foliar diseases are caused by a group of pathogens that usually occur in a complex 
rather than singly. Alfalfa leaves are typically infected by two to three patho­
gens simultaneously, with different pathogens attacking at different times dhring 
the season. However, the overlap of pathogens may mean that in a wetter-than- 
average year the crop will be continuously damaged throughout the season rather 
than only at specific times.
The harvest schedule is an important factor when dealing with foliar pathogens of 
alfalfa. Since only a single type of fungicide, copper hydroxide, is labeled for 
foliar pathogens of alfalfa, growers usually rely on an early harvest to reduce 
losses. Although this is helpful from the standpoint of preventing additional in­
fections from occurring, recent research has shown that the use of fungicides is 
far more economical because this allows plants to continue to produce new foliar 
growth rather than topping growth by harvesting. Harvesting early does not allow 
the plant to continue its full productive capacity.
If harvests are delayed, foliar pathogens can cause severe losses. Losses may 
reach 50 percent in damaged or diseased leaves on the plant if weather conditions 
are favorable for disease development. Many growers do not realize how devastat­
ing these diseases are because plants typically begin defoliating at the base of 
the stems first and it may be several days before the upper plant parts begin to 
lose leaves. By this time, over half of the yield can be lost.
Management of foliar diseases should begin with planting high-yielding, well- 
adapted varieties with resistance to leaf spotting pathogens, if such varieties 
are available. Many new varieties of alfalfa have resistance to one or more of 
the common foliar pathogens and this provides the best and most economical means 
of reducing losses.
In addition, growers should use sound agronomic practices to assure that plants 
are kept vigorously growing. Proper soil management (including pH at 6.2 or
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above), fertility, and tillage practices contribute to plant vigor and develop­
ment. Well-managed plants are far less susceptible to diseases and losses are 
also generally minimized where plants are growing vigorously. Any time a plant is 
under stress, whether from lack of fertility, water, crowding or a similar factor, 
diseases will have a greater impact.
Scouting of fields should be done on a regular basis, especially when crops are 
growing vigorously. Scouting often detects a build-up of foliar diseases which 
may require harvesting a few days early. This is especially true when weather 
conditions favor infection and growth of pathogens.
Harvest schedules should also be maintained. Plants should be harvested at 
regular intervals to avoid rank growth. Foliar diseases thrive in a damp, warm 
environment such as is found in the canopy of a thick or lush alfalfa stand. 
Therefore, harvest in accordance with the recommendations for your area.
Do not attempt to maintain a stand past the regular rotation age. Older stands 
are more susceptible to diseases, especially root and crown rots, and losses may 
offset any benefits gained from keeping the stand an extra year. Also, if dis­
eases become a problem and stands are reduced earlier than expected, rotate to a 
non-legume crop to help reduce survival of disease organisms in crop residues.
Foliar diseases of alfalfa can be an important problem for stands anywhere in 
Illinois. However, with proper management, growers can minimize losses and main­
tain both the yield and quality of the crop. This is management based upon a 
sound year-round program that emphasizes scouting to detect problems early com­
bined with sound agronomic practices.
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Weed Control for Grain Sorghum and Forages
G. Kapusta
WEED CONTROL IN GRAIN SORGHUM
Grain sorghum production in Illinois is concentrated on the low organic matter 
soils in the southern one-third of the state. Until 1983, approximately 50,000 
acres were produced annually. Beginning in 1983, acreage increased sharply, 
peaking at approximately 500,000 acres in 1985. The acreage declined approxi­
mately 50 percent in 1986 because of various government programs and the associ­
ated depression in price.
Weed control in sorghum is usually less demanding than weed control in corn.
Since sorghum is planted about one month later than corn, considerable weed 
control can be achieved mechanically. Further, sorghum emerges rapidly under the 
warmer soil conditions and grows vigorously. Contrary to some reports, well 
managed sorghum is a very competitive crop, growing rapidly and developing an 
early, dense canopy that discourages weed emergence. Herbicides also are more 
effective under the warm soil conditions in late May and early June. Frequently, 
atrazine is the only herbicide necessary for total weed control in sorghum if it 
is supplemented by a cultivation. All sorghum weed control programs should be 
built around atrazine because of its effectiveness and economy. It will control 
essentially all annual broadleaf weeds and affords good-to-excellent control of 
annual grasses. Frequently, it is more effective on grasses in sorghum than in 
corn because the grass is growing more actively and will absorb more of the 
herbicide. Applying atrazine postemergence when the sorghum has three leaves is 
the safest way to use this herbicide. Preemergence applications of atrazine may 
occasionally cause sorghum injury or stand reduction if an intense rain concen­
trates the herbicide in the germinating zone. Sorghum has more tolerance to 
Milogard (propazine) than to atrazine but Milogard is somewhat less effective on 
some hard to control broadleaf weeds. Additionally, there is a restriction on 
crop rotation that precludes planting any crop other than sorghum for twelve 
months after the application of propazine.
Fields infested with dense stands of grasses, especially fall panicum, may need 
the addition of a grass herbicide to atrazine for satisfactory control. The best 
choices are Dual (metolachlor) or Lasso (alachlor). However, sorghum seed safened 
with Concep (oxobetrinil) for use with Dual, or Screen (flurazole) for use with 
Lasso, must be used to avoid potentially serious injury or stand reduction. 
Occasionally, slight injury will occur until the secondary root system becomes 
well established, even where safened seed was used. Sorghum rapidly recovers from 
this injury with no effect on yield. Package mixtures such as Bicep (Dual plus 
atrazine), Milocep (Dual plus Milogard), Lasso/atrazine, or Bronco (Lasso/Roundup)
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can only be used where appropriately safened seed is to be used. Ramrod (propa- 
chlor) also aids in the control of annual grasses but Lasso or Dual usually are 
more effective. Safened seed does not need to be used with Ramrod.
No selective, postemergence grass herbicides are available for use in sorghum 
where preemergence herbicides did not afford acceptable control of all weeds. 
However, Prowl (pendimethalin) can be used after the sorghum is at least four 
inches high, if care is taken to minimize crop injury. First control all weeds 
with cultivation, at the same time covering all the roots at the base of the 
sorghum. Prowl should then be uniformly incorporated into the top one inch of the 
soil. Deeper incorporation could cause serious injury. This treatment affords 
extended control of grass weeds.
Basagran (bentazon) plus crop oil, Banvel (dicamba), Brominal or Buctril (bro- 
moxynil), or 2,4-D applied postemergence all afford excellent control of broadleaf 
weeds. Basagran also gives good-to-excellent control of yellow nutsedge. Label 
restrictions on sorghum height should be adhered to strictly with Banvel, Buctril, 
Brominal, and 2,4-D to achieve optimum weed control and to minimize sorghum 
injury.
Sorghum 'off-types' are a major concern, especially among relatively new growers. 
Almost all of the off-types have a milo-type panicle and are simply reversions to 
the normal nonhybrid sorghum height. They cause no problem other than appearance. 
Rarely, sorghum x shattercane or sorghum x johnsongrass crosses occur when pollen 
from these weeds is blown into seed production fields. These weeds can be readily 
identified by their open-panicled head, similar to that of shattercane or johnson­
grass. The most effective method of controlling this problem is to rotate sorghum 
with soybeans. An excellent selection of soil and postemergence soybean herbi­
cides is available to control undesirable sorghum species.
WEED CONTROL IN FORAGES
Management is a key factor in maintaining a vigorous forage stand that requires 
minimal weed control. Fertilize and lime your soil on the basis of soil tests; 
prepare a good, firm seedbed; select vigorous, adapted cultivars; and sow at a 
time ideal for your part of the state. Achieving a full stand is critical in 
reducing future weed problems.
Where a companion crop such as oats is used to decrease weed competition in 
legumes, sow the grain crop at about 50 percent of the normal rate to prevent 
excessive competition to the legume.
Fall sowing of alfalfa and grasses usually is more successful in the southern half 
of the state because competition from weeds is substantially less than with spring 
sowing. If sown sufficiently early, the forages become established well enough in 
most instances to tolerate winter temperatures. A good choice of herbicides is 
available to control many annual and some perennial weeds during the seedling 
period and after the forages are established. A list of available herbicides is 
presented in the University of Illinois publication Weed Control in Small Grains, 
Pastures, and Forages; thus they will not be repeated here. Currently, a major 
deficiency is the lack of a selective, postemergence grass herbicide for alfalfa. 
However, Poast (sethoxydim) and Fusilade 2000 (fluazifop-P) may be labeled in 1987 
or 1988. An even more serious deficiency is the lack of adequate, consistent 
control of perennial weeds such curly dock and yellow nutsedge.
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Weed control in governmental "set-aside" acres is currently a problem. Both the 
Acreage Conservation Reserve and the Conservation Reserve Program require that 
weeds be controlled on the set-aside acres. However, a provision allows the delay 
of any control until after August 1, since the wildlife people indicate that 
earlier control may destroy nesting birds or their offspring. By that date, 
considerable weed seed may have matured and cause problems in future years.
Establishing a vigorous stand of legumes on set-aside acres is one of the most 
effective methods of controlling weeds in this program. Since the details of many 
of these programs are not announced until March or April, spring sowing of legumes 
or other approved crops is a common practice. Chemical weed control is frequently 
required if spring sowing is to be successful. One of the more effective and 
economical practices is to incorporate Treflan (trifluralin) at 1.5 pt/A prior to 
sowing the legume. Although some legume stand loss may occur, it is a suffi­
ciently safe practice to allow the establishment of a good stand of alfalfa or 
clover.
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Sampling Insects and Using Weather Information 
To  Make Insect Control Decisions
C. Guse, Jr.
CROP AND INSECT DEVELOPMENT
Crop development and insect development have a lot in common, because both are com­
pletely controlled by the environment. Most farmers try very hard to control the 
crop environment as much as possible by providing adequate fertility, optimal pH 
levels, high plant populations, a good crop variety, proper soil tilth, and other 
good conditions. The more conditions a farmer controls to optimal levels, the 
greater the crop's growth and final yield. Because these controllable conditions 
are usually set at or close to optimal, crop growth and yield become dependant on 
the factors that are most outside the range of optimal growing conditions. In most 
years, the limiting factors for crop growth are weather conditions. One only has to 
compare yields between irrigated and nonirrigated fields in a drought year to become 
aware of how much one factor can limit crop development.
Insect development is very similar to crop development. Almost every factor that 
controls crop growth has an analogous factor that controls insect growth. Soil fer­
tility is comparable to food availability for insects. For instance, researchers 
studying the population dynamics of predatory insects must consider the availability 
of food (prey) to understand how that population will change with time. Unfortu­
nately, simply by planting a crop and optimizing growing conditions for that crop, 
the farmer provides herbivorous insect pests with all the nutrition they need. As 
with crop development, most of the factors that affect insect growth are controlled 
by the farmer. Thus, the limiting factors for insect development are also the 
existing weather conditions.
During most of the growing season, weather conditions stay within the optimal range 
for both crop and insect development. In fact, the optimal conditions for the 
development of both the crop and the pests that attack that crop are usually very 
similar and occasionally identical. These similarities have permitted us to develop 
rules of thumb for managing insect pests. One example of a rule-of-thumb management 
practice is an insecticide treatment schedule based on calendar dates or crop growth 
stages.
When the crop is in a susceptible stage of growth and the pest is in its destructive 
life stage(s) the potential exists for significant crop losses. In a year when both 
the crop and pest are developing at the same rate, rule-of-thumb dates provide ade­
quate time for sampling and treatment of pest problems. In a situation (year) when 
the crop and pest have substantially different rates of development, the rules of 
thumb break down and can cause us to treat unnecessarily or unintentionally to miss 
a developing problem. As we've become more sophisticated in our understanding of 
crop and pest developmental rates, mathematical models have been designed to for­
mally quantify the relationship between long-term weather conditions and these 
developmental rates. These models are used to monitor crop and pest development and 
to alert us to potential problems before they become severe.
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The concept of degree days and the related developmental rates have become standard 
in the field of integrated crop management. Most of us have gained a general under­
standing of these principles. In most years these concepts appear to be unneces­
sary. However, when extreme weather conditions exist, the mathematical models can 
assist us in mentally reassessing the synchrony of crop and insect development.
SAMPLING INSECTS: DISCRETE MEASUREMENTS
Another way of thinking about crop and insect development is to consider development 
as an integration of a series of discrete events. For example, an insect, spends 
its life feeding, resting, searching for a mate, mating, and ovipositing. The time 
when each of these behaviors occurs is ultimately controlled by the existing weather 
conditions.
We're all aware that at temperatures above 90°F, corn growth essentially ceases. If 
the temperatures remain in the 90s for an extended period during tassel emergence, 
pollination will be poor and yield will be reduced. An insect exposed to these same 
high temperatures (outside the normal range for activity and development) may seek 
shelter and avoid normal feeding behaviors. If high temperature conditions continue 
for an extended period of time, the insect's development will suffer, just as corn 
development suffers.
This concept of discrete events in the insect life cycle that are controlled by 
existing weather conditions is very important when we talk about sampling for insect 
pests. Presumably, most pest sampling, takes place when weather conditions are in 
the normal range of activity for the pest. Occasionally, however, sampling is done 
when the existing weather conditions are significantly affecting either the physio­
logical or the behavioral characteristics of the pest.
Weather conditions do not have to be particularly severe to change the behavior of 
an insect and to alter substantially the likelihood of finding the pest. Over the 
years, researchers have attempted to quantify some of the conditions that affect 
insect activity. As should be expected with any biological process, a variety of 
factors have been identified that affect insect sampling and, we assume, insect 
activity. Some of the insects, sampling methods, and factors that have been identi­
fied as most influencing sampling are listed in Table 1.
It is evident from Table 1 that one of the most important, and certainly one of the 
easiest, measurements to use in the field is temperature. A brief look at the rela­
tionship between temperature and insect activity (Fig. 1) indicates how significantly 
sampling can be affected by temperature. At least three researchers have attempted 
to quantify western corn rootworm (WCR) activity in terms of current temperatures.
Witkowski et al. (1975) showed that WCR flight activity in the field, measured by 
sticky trap catches, is affected by both temperature and time of day. In this exper­
iment, peak flight activity occurred when temperatures were in the range of 22.2° to 
27.0°C and usually in the time periods immediately after sunrise and before sunset.
In a laboratory experiment, Vanwoerkom et al. (1980) demonstrated that peak WCR 
locomotor activity occurred at a temperature of about 25°C. Finally, Guse et al. (in 
press) found that beetle counts in the field peaked at a temperature of 22.2°C, 
whereas 24-hour cucurbitacin trap catches were at a peak when the 24-hour mean tem­
perature was at 19.8°C. In addition, Guse et al. developed a temperature-related 
correction equation for converting visual counts and cucurbitacin trap catches to a 
standardized temperature (Fig. 1). Visual counts taken at temperatures below 14°C or 
above 30°C were less than 50 percent of counts taken the same day at 22.2°C.
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Table 2. Sampling Methods, Insects, and Environmental Factors That Have Been Found 
to Affect Sampling
Crop Pest
Sampling
method Temp
Wind
speed
(WS)
Relative
humiditv
Time
of
day
(TD)
Cloud 
cover 
(CC) or 
Solar 
Radiation 
(SR) Source
Alfalfa Potato Sweep net T WS ni ni SR Cherry
leafhopper et al.
(1977)
Emergence i/ns i/ns ni ni SR
trap
Pea aphid Sweep net T WS RH i/ns CC Saugstad
Potato WS RH i/ns et al.
leafhopper Sweep net (1967)
Meadow
spittlebug Sweep net T RH TD CC
Snap Western Sweep net T ni ni TD SR Weinzierl
beans spotted et al.
cucumber (1986)
beetle
Corn Western Yellow T ni ni TD ni Witkowski
corn sticky et al.
rootworm traps (1975)
Visual T i/ns i/ns i/ns ni Guse
counts et al.
(in press)
Cucurbit- T i/ns i/ns i/ns ni
acin
traps
i/ns Investigated as a possible factor but found to be not significant given the 
other factors in the model, 
ni Not investigated as a factor.
Although it is certainly important to have an understanding of the complexities of 
the behavioral processes and the weather conditions that affect insect behavior, the 
research needed to quantify insect behavior completely in terms of measurable envi­
ronmental factors is complex and time consuming. In a management situation, we 
would like to reduce our understanding of the complex to some general rules of thumb 
as often as possible. Formal scientific research is often not immediately directed 
toward these ends. It is the function of Extension specialists and, ultimately, of 
the crop manager to interpret the researcher's findings and incorporate the under­
standing of these findings into a crop management situation.
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The simplest method of incorporating weather-related behavioral changes into your 
sampling program is to sample each field and pest under the most similar environ­
mental conditions possible. This is even more important when farmers have second 
occupations to supplement income, because then they frequently have less time to 
devote to managing their crops.
No matter what insects and crops are being sampled, take note of the weather condi­
tions when taking the sample. Some conditions, like temperature, can be measured-- 
just carry a thermometer and jot down the temperature before and after sampling. 
Other conditions like wind speed, cloud cover, and recent or approaching rainfall, 
can be noted in a more general fashion. In addition to looking for the insect, take 
note of the level of damage to the crop. Damage is usually a cumulative effect of 
insect feeding over time. If the number of insects you find falls below the eco­
nomic threshold but the amount of damage appears to be greater than would be ex­
pected, try sampling under different weather conditions. It may have been too cold 
or too hot when you sampled, and many insects seek shelter in or near the soil to 
avoid these conditions.
The occurrence of rainfall and the amount of rain can significantly affect the like­
lihood of finding insects. Try to avoid sampling too close to a forecasted rain or 
too soon after rain has fallen. Give the field time to return to a more "normal" 
state before resuming sampling.
Finally, when taking repeated samples, compare weather notes for previous samples.
It is impossible to sample under identical conditions, but you should attempt to 
sample under similar conditions. Using these simple guidelines, you can avoid some 
of the effects that weather has on insect activity and behavior, make yourself a 
better crop manager, and, I assure you, develop a deeper appreciation for the com­
plexities of insect behavior.
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Fig. 1. The relationship of air temperature on adult corn
rootworm beetle activity can be used to compare visual 
count samples taken at different temperatures.
1. Record the temperature while sampling.
2. Find the percent sampling efficiency on the graph.
3. Divide the number of beetles by the percent efficiency.
Example: An average of 1.7 beetles/plant at 15 C (59 F) is 
the same as 1.0 beetles/plant at 22 C (72 F).
Windows of Opportunity for Perennial Broadleaf Weed Control
F. Roeth
Perennial broadleaves are sneaky weeds. Most lack the aggression of perennial 
grasses, but once established they are equally difficult to control. To provide 
some focus, let's look at four perennial broadleaf (PB) weeds: hemp dogbane, com­
mon milkweed, field bindweed, and Canada thistle.
A recent survey indicated that the former two were the top increasers in Illinois 
(NCWCC Res. Rep. 42:344-355, 1985), and a previous report had indicated that the 
latter two were in the top five perennial weeds in Illinois (NCWCC Proceedings 
32:99, 1977). We will ignore such notables as climbing milkweed, Jerusalem arti­
choke, swamp smartweed, horsenettle, trumpetcreeper, groundcherry, hedge bindweed, 
and perennial sowthistle. However, some of the principles and control practices 
will apply equally well to them.
Windows of opportunity for perennial weed control include:
1. In a row crop: This may be a topical herbicide application, a wiper or
spot treatment, or a preharvest treatment.
2. In the off-season: Treatment opportunities may exist before planting in
the spring or after wheat harvest. Since the PB weed topgrowth is usually 
smashed or destroyed by corn or soybean harvest, fall post-harvest treat­
ments are not effective. Fall plowing or chiseling can expose roots to 
colder temperatures that may destroy buds.
3. During fallow or set-aside: This represents an ideal time to treat peren­
nial weeds with herbicides. Treatment in the early bud stage is usually 
effective. Two treatments in a year (spring and fall) are possible.
4. After harvest of small grains: Allow sufficient regrowth for spray inter­
ception. Fall is a very good time to treat most perennial weeds.
5. In alfalfa or small grains: Topgrowth removal has only a temporary effect
because of tremendous root reserves in the established perennial. However, 
multiple removals over time will be effective. An alfalfa stand cut three 
times a year for three years will substantially reduce PB weed stands. 
Competition from alfalfa and the frequent cuttings deplete the weed's root 
system.
Including winter wheat in a crop rotation helps control many PB weeds.
Winter wheat grows rapidly in the fall and early spring before PB weeds 
become active. Periodic summer tillage after harvest and before wheat 
seeding further weakens the weed. A single winter wheat crop will not 
eliminate perennials, but it will reduce infestations.
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Generally speaking perennials are best controlled when sprayed or cut at the flower 
bud or early bloom growth stages because root reserves are lowest at that point.
One of the principles for long-term success is to starve the roots. Few herbicides 
will wipe out a perennial broadleaf weed with a single application, so a repeat 
treatment the following year is usually necessary and beneficial. Persistence pays 
off!
Remember that perennials grow from seeds as well as from root buds. Seedlings 
produce viable underground buds within a short time after germination. For ex­
ample, common milkweed seedlings produce viable root buds 18 to 21 days after ger­
mination. Canada thistle does the same in 20 to 30 days. The point is that one 
cannot ignore the potential reinfestation from the soil seedbank. While seedlings 
are easier to control, they are no less menacing in the long run than perennial 
roots. Because of seed dormancy, seedlings pose a long-term threat and make perma­
nent eradication almost impossible. Soil-applied herbicides containing atrazine or 
metribuzin should control most seedling PB weeds.
Maximum herbicide uptake and translocation in the perennial system is desirable for 
long-term impact. Stage of growth, physiological condition, and environmental 
conditions affect herbicide translocation greatly. Spraying drought-stressed 
plants and spraying in dusty conditions should be avoided. Such situations reduce 
herbicide uptake thus lowering root control. Indiscriminate addition of surfac­
tants or other additives should be avoided since this may lower herbicide uptake 
(Weed Sci. 24:275-287, 1977). It is best to follow label directions.
For PB weeds allow a five-week tillage-free period before herbicide application to 
allow the plants to develop sufficient foliage for good herbicide interception and 
to force some depletion of root reserves. Usually 5 to 7 days without disruption 
after treatment is sufficient to give maximum effectiveness.
Hemp dogbane, native to North America, is very prevalent in the Corn Belt. The 
root system is extensive, often penetrating five to ten feet deep into the soil.
New shoots developing from the roots begin emerging in April, and the plants grow 
faster than spring-seeded row crops such as corn and soybeans. This early emer­
gence allows hemp dogbane to compete vigorously with row crops but also offers an 
opportunity for a wiper treatment of Roundup in June. If used several years, this 
topgrowth burndown will reduce the dogbane stand (Table 1). In corn or sorghum,
2.4- D can be used as a spot treatment in June. One advantage of a June treatment 
is the ability to see and spot-treat the dogbane. However, dogbane is less suscep­
tible in June than in September (Table 2).
Hemp dogbane is most effectively controlled in corn and grain sorghum with 2,4-D or
2.4- D plus Banvel applied in late August or September. Movement of nutrients and 
herbicides into the root is better at this time of the year. Late August or 
September herbicide applications can be made anytime after corn silks turn brown or 
milo reaches the soft dough stage up until hemp dogbane turns yellow. Root buds on 
hemp dogbane should be enlarged or swollen at the time of treatment. For best 
results, treat two years in a row. Make applications at least 7 days before corn 
harvest and 30 days before sorghum harvest.
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Table 1. Hemp Dogbane Control in Corn with Annual Herbicide Treatments, 
Nebraska
Average stems per 100 square feet 
Fall count Soring Count
Treatment Pounds per acre 1978-82a 1979 1980-82
Untreated 101 98 84
2,4-D ester 0.50 34 124 40
2,4-D amine 1.0 38 88 47
Banvel +
2,4-D amine .13 + .50 58 110 57
Banvel +
2,4-D amine*5 .25 + .50 37 88 35
Roundup
(ropewick)c 33% 44d 94d 59e
NOTE: Herbicide treatments were applied in mid-June , 1978 through 1982,
when dogbane was typically 18 to 24 inches and corn was 8 to 12 inches
tall.
aIn addition to stand reduction, dogbane vigor was substantially reduced after 
several years of treatment.
^Exceeds labeled rate.
cFirst applied in June, 1981. Not labeled for use in corn. 
d1981 average. 
e1982 average.
Table 2. Hemp Dogbane Control with Herbicides, Nebraska
Percent control3
Treatment*3 Lb/A
June
applications for 
2 consecutive years
September 
applications for 
2 consecutive years
2,4-D amine 1.0 36 70
2,4-D amine oCM 64 90
2,4-D ester 1.0 72 81
2.4- D ester
2.4- D amine
2.0 78 90
+ Banvel 1.0 + .25 94
treatments were applied to hemp dogbane on idle land. Thick stands of
corn or milo would intercept some of the herbicide, reducing control. 
^Herbicide rates exceed labeled rates for June treatment of corn and 
milo except for 2,4-D amine at 1 pound per acre on corn.
The effectiveness of fall herbicide application is greatly reduced when application 
is made to plants on which leaf yellowing has been induced by frost or drought. Do 
not treat after a freeze even if dogbane leaves are green. (Reference: NebGuide
G83-615, "Hemp Dogbane," by J.D. Furrer, A.R. Martin, and F.W. Roeth.)
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Common milkweed, like dogbane, is a native of North America and is apt to be found 
in the same locations. Though not as aggressive as dogbane, the milkweed roots are 
likely to penetrate deeper. Common milkweed is more drought tolerant than dogbane.
Common milkweed appears to be increasing most rapidly in dryland, cultivated 
fields. For example, sorghum fields in eastern and south central Nebraska showed 
common milkweed infestations of 30 and 66 percent in 1969 and 1977, respectively.
It is a relatively constant component along roads, railroads, and perennial grass 
areas, while it is decreasing under alfalfa and winter wheat.
Seed of common milkweed will survive at least 3 years in the soil and will germi­
nate and develop normally at temperatures between 14 and 35 degrees C. Seedlings 
usually do not flower the first year. Milkweed produces an average of 220 seeds 
per follicle.
Control of established stands of common milkweed can be obtained by direct applica­
tion in noncropland or selective spraying in cropland when herbicides are applied 
to vigorous fall growth or during the bud stage in the spring (Table 3). Herbi­
cides ranked from most to least effective for common milkweed are glyphosate, ami- 
trole, picloram, dicamba, and 2,4-D. Amitrole and picloram cannot be used on crop­
land so Roundup is preferred. (Reference: North Cent. Weed Cont. Conf. Proc.
32:96-112, Special Session on Common Milkweed).
Table 3. Common Milkweed Control 1 Year after June 16, 1976, Broad­
cast Applications onto Fallow Land, Nebraska
Rate, Stem reduction,
Treatment________________________pounds per acre___________percentage
Check 0 0
Amitrol-T 4 68
2,4-D amine 1.5 0
2,4-D ester 1 33
2,4-D ester + dicamba 1 + 0.25 44
2,4-D ester + glyphosate 1 + 0.5 20
Glyphosate 1 67
Glyphosate 2 84
Glyphosate 4 88
SOURCE: NCWCC Proc. 32:109.
Canada thistle is a native of Eurasia and was probably introduced to North America 
around 1750. Since that time it has spread throughout the northern part of the 
United States. Canada thistle is dioecious, with the male and female flowers on 
separate plants. For viable seed to be produced, both male and female plants must 
be present. A high percentage of the seeds will be viable 8 to 10 days after head 
bloom. Seeds can germinate immediately or remain viable in the soil for up to 20 
years. Germination will take place on the soil surface or as deep as 3 inches in 
the soil.
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axF squuqd uaqM pasFaxoap sx sapxoxqxaq qqx^ aqqsxqq FpFUFQ qo x°dquoQ -sapxoxqxaq 
oq aouFqsxsax xxaqq ux Axfa suxFxqs asaqq puF qsxxa aqqsxqq FpFUFQ qo suxFxqs sno 
-xauirLjfl 'xoxquoo aqqsxqq FpFUFo xoq ssaoons SuxXxfa qqxM pasn uaaq aAFq sapxoxqxaq
Wiese and Lavake (Weed Sci. 34:77-80) state that good control of field bindweed 
would occur if at least 3.7 centimeters of available soil water were present and 
runners were 15 to 25 centimeters long. Their research with Roundup (4 quarts per 
acre), 2,4-D (1.0 pound per acre), and Banvel (1.0 pound per acre) showed that 
Roundup, 2,4-D, and Banvel gave an average of 53, 31, and 34 percent control, 
respectively, two years after treatment. Roundup and 2,4-D worked at their best 
any time of the year when bindweed was growing vigorously. On the other hand, 
dicamba gave good control any time of the year when growing conditions were good 
and frequently in the fall regardless of growing conditions. Combinations of these 
herbicides often work as well or better than single ingredients.
Table 5 is a summary of the labeled herbicide treatments at their appropriate rate 
and timing of application for hemp dogbane, common milkweed, Canada thistle, and 
field bindweed. To achieve complete control of these weeds with any of the listed 
herbicides, retreatment is usually needed.
Table 5. Herbicides for Several Perennial Broadleaf Weeds in Cropland
Amount
Herbi- per Application
cide^ acre time Remarks
Hemp dogbane
2.4- D
2.4- D
1 to 1.5 qt Spring flower bud stage. Non-crop areas.
ester 1 pt Spring flower bud stage. Can be used in small
corn.
2,4-D 1 to 1.5 qt Preharvest when dogbane Can be used in stand-
root buds have swollen. ing corn and sorghum. 
Use the lower rate on
sorghum.
2,4-D +
Banvel 1 qt plus 0.5 pt Preharvest when dogbane Can be used in standing
root buds have swollen. corn and milo. Do not
apply within 30 days of 
milo harvest or 7 days 
of corn harvest.
Roundup 3 to 1 ratio in Spring. Dogbane 8 to 10" 
taller than sorghum or 
soybeans.
Common milkweed
Roundup 3 qt or 2% 
solution
Spot treatment. Milkweed in bud stage.
Roundup 25% Herbicide glove treatment. Stroke top 4 or 5 
leaves of milkweed.
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Table 5. Continued
Herbi­
cide^
Amount
per
acre
Application
time Remarks
Canada thistle
Banvel 1 
plus 
2,4-D
qt plus 1 qt Bud stage or fall to active 
rosette growth.
Non-crop areas. Do 
not apply if plants 
are drought stressed.
Roundup 3 qt Bud stage or fall to active 
rosette growth.
Non-crop areas. Do not 
apply if plants are 
drought stressed or 
covered with dust.
Basagran 
(Repeat 
treat­
ment in 
10 to 
14 days)
0.75 qt When Canada thistle is 6 
inches tall. Beans must 
have 1 fully expanded 
trifoliate leaf.
Soybeans--Do not apply 
if Canada thistle is 
drought stressed
Banvel 0.5 pt When Canada thistle is 6 
inches tall. Before corn 
is 24 inches high.
Corn.
Atrazine
4L
2 to 4 qt Preplant incorporated or 
preemergence. Use lower 
rate on light soils.
Corn--A split appli­
cation of 2 qts of 
atrazine at planting 
followed by 2 qts 
postemergence with 
crop oil befores 
thistles are 6 inches 
tall. Recrop to corn 
the following year.
Banvel 0 
plus 
2,4-D
.5 qt plus 1 qt Apply with high-boy sprayer 
after silks are dry and 
pollination is complete.
Corn--Do not graze 
dairy animals within 7 
days after treatment. 
Do not graze meat ani­
mals in treated fields 
within 30 days of 
slaughter.
Banvel 0 
plus 
2,4-D
.25 pt plus 0.75 pt Apply before wheat joints. Wheat--Retreatment of 
of Canada thistle 
after wheat harvest 
will be necessary.
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Table 5. Continued
Amount
Herbi­ per Application
cide^ acre time Remarks
Field bindweed
2,4-D 1 qt Vigorous fall growth or 
flower bud stage in spring.
Avoid tillage 5 weeks 
before and 1 week 
after application. Do 
not plant small grains 
for 15 days after 
treatment. Plan to 
treat for several con­
secutive years.
Roundup 
3WS plus 
2,4-D 
amine or 
Banvel 
4WS
1 pt 
plus 
1 pt
or
0.5 pt
Late summer or fall 
actively growing.
when For non-crop areas and 
spot treatment in pas­
ture and rangeland. 
Avoid tillage 5 weeks 
before and 1 week 
after application.
Banvel
4WS
1-2 pt Late summer or fall 
actively growing.
when For non-crop areas 
and spot treatment in
pasture and rangeland. 
Avoid tillage 5 weeks 
before and 1 week 
after application.
-^ 2,4-D formulated at 3.8 lb/gal.
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New Advances in Management of Grain Storage Molds
D. W hite  and B . Jacobsen
Every year in the Midwest, farmers harvest grain crops of exceptionally high 
quality. Those crops, however, do not always stay in a high quality condition. 
They are often of poor quality by the time they reach the end user. A basic 
understanding of the biological basis for the deterioration of grain is necessary 
in order to make intelligent decisions and to prevent quality deterioration after 
harvest.
In general, fungi and insects cause grain crops to deteriorate after harvest. In 
the absence of these two groups of pests, grain crops could be stored indefinitely 
at moisture contents of approximately 16 percent. The fungal kernel rots of corn 
can be divided into those caused by field fungi and those caused by storage fungi. 
Field fungi are organisms that require high moisture (above 18 percent) in order 
to grow and reproduce. These fungi are responsible for causing ear rots on the 
crop in the field. Losses from ear rots are rarely severe in the Midwest except 
in years when wet conditions prevail after pollination or where drought or insect 
damage occur. Storage fungi grow below 18 percent moisture. The two most 
important storage fungi are in the genera Penicillium and Aspergillus. These 
fungi may occasionally be found as ear rot pathogens in the field; however, they 
are not normally associated with the crop until after harvest. These common fungi 
are found associated with dead plant material, soil, and in other places where 
moisture levels are relatively low. Spores of these fungi produced on dead plant 
materials and soil are spread during the mechanical combining of the grain crop. 
The grain becomes coated with additional spores during the drying process, as air 
with spores is passed over the grain. More spores become coated onto the grain 
during loading and unloading, and with the blending of fines or badly contaminated 
lots of grain or both into good grain lots.
In our experience, a high percentage of corn kernels are infected with Aspergillus 
or Penicillium at some time by the summer after harvest. In 1983, we found 80 to 
100 percent of the corn kernels in central Illinois bins infected with Aspergillus 
by December. However, 1983 was exceptional for contamination of grain by 
Aspergillus. In 1984, we found 10-40 percent of the kernels were infected by 
Aspergillus, Penicillium or both in December, with 60-90 percent of the kernels 
infected with Aspergillus or Penicillium by August 1985. After a kernel is 
infected by a storage fungus, the fungus starts to rot the kernel
1D.G. White is Associate Professor and B.J. Jacobsen is Professor of Plant 
Pathology, both University of Illinois. J.W. Shriver is Senior Research Biologist 
and R.W. Sholtis is Account Supervisor, both MSD AGVET, Division of Merck and 
Company, Inc.
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whenever moisture or temperature conditions become favorable for fungal growth.
In general, under favorable temperature conditions, Aspergillus species can grow 
at moistures as low as 13.1 percent, with rapid growth above that moisture level. 
Penicillium species will grow at moistures exceeding 16 percent. As these fungi 
grow, they produce metabolic heat and moisture, which creates conditions ideal for 
field fungi, thus speeding the decay process. Deterioration of grain during 
shipment and storage is caused by fungi, and prevention of deterioration during 
shipment and storage is for all practical purposes a disease control problem.
Control of Storage Molds
Currently our control of storage molds relies on the integration of three 
controls. (1) Prevent mechanical damage during harvest and transportation of 
grain. An intact kernel of corn is much more resistant to penetration by fungi 
than a kernel that has been cracked or broken. (2) Keep moisture levels below 
those that are optimum for fungal growth. (3) Where possible, keep the grain 
temperatures below 40oF, particularly in much of the Midwest, where temperatures 
during the winter months are below optimum levels for fungal growth. This allows 
for safe storage at 15 to 16 percent moisture.
Mechanical damage. Mechanical damage occurs at different times in the handling of 
grain. The first occasion comes during harvest when corn kernels are removed from 
the ear. When corn is harvested at a high moisture, or the combine is in poor 
adjustment, damage is much greater. Additional damage is done as corn is moved 
during drying and shipment. It is important to realize that kernels with cracks 
or exposed starch surfaces are much more susceptible to penetration by storage 
fungi.
Low moisture. The major method of control of storage fungi is to dry corn below 
the moisture level at which fungi will grow. Currently, the most common practice 
is the use of high-temperature drying, where corn is harvested at an average of 20 
to 25 percent moisture and dried at a high temperature to a moisture of 15 to 16 
percent. High-temperature drying has a major advantage in that it is very rapid 
and can be done in wet weather. A major disadvantage is that it requires a 
relatively large energy input, in the form of propane or natural gas, and as corn 
is heated and cooled very rapidly, stress cracking occurs. Stress cracking is the 
occurrence of very small cracks in the kernel and is caused by rapid heating and 
cooling. Stress cracking is a problem in corn because as grain is handled during 
shipping, the kernels with stress cracks have a tendency to break. Stress cracks 
also act as sites for penetration by fungi.
An alternative to high-temperature drying is some type of low-temperature drying 
where moisture is removed with ambient air or air with very little heat. This 
procedure is not used as widely as it could be because drying is slow and fungi 
have an opportunity for growth at the higher moisture during drying. The 
effectiveness of the drying process depends upon ambient air conditions, and 
during falls with warm, moist conditions, grain that is undergoing low- 
temperature drying will often spoil due to the growth of fungi in the slow-drying 
grain. Low-temperature drying, however, has two major advantages. (1) It 
requires less energy than high-temperature drying, and (2) little or no stress 
cracking occurs. Grain successfully dried using low temperatures does not break 
as easily during transportation, contains fewer broken kernels, and thus is of 
higher quality. Such corn has a better storage life and yields more in some types 
of processing.
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Cool temperatures. Cool temperatures are used to control storage fungi in much of 
the upper Midwest. It is well known that cool temperatures have long been used in 
the preservation of high-moisture commodities such as fruits and vegetables. The 
value of a grain crop, however, is not high enough to warrant refrigerated bins. 
During the winter months cool air is blown through the grain, and the grain mass 
then becomes cold enough to prevent the growth of fungi. However, cool tempera­
tures can only be used when the outside air temperature is cool enough to allow 
its use.
Integration of current controls. With these three controls available, the common 
practice is to use high-temperature drying to dry corn to 15 to 16 percent mois­
ture and then to maintain this moisture as long as temperatures are cool. We are 
able to store corn in much of the Midwest from harvest through the spring with a 
combination of cool temperatures and moistures of 15 to 16 percent. During 
spring, some kernels that have higher moisture due to moisture migration or uneven 
drying may begin to decay due to fungal growth at warmer temperatures. Additional 
moisture and heat are produced by fungal metabolism, thus allowing for their 
favorable growing conditions in very large areas of the grain mass. To prevent 
this condition, corn to be kept through the summer is often dried to 13.5 to 14 
percent moisture, thus moving to moisture levels less conducive for fungal growth. 
Drying to 14 percent moisture or below, however, is not desirable because of 
shrink discounts and because corn at low moisture, particularly with stress 
cracks, is more subject to breakage than corn of higher moisture corn.
How Fungicides Fit into an Integrated System 
of Storage Mold Control
The three current controls used to prevent growth of storage fungi in corn are not 
adequate to protect the commodity and to maintain high quality. During the past 
four years, we at the University of Illinois Department of Plant Pathology and the 
MSD Agvet Division of Merck and Company, Inc., have developed facilities for 
testing fungicides to prevent spores of fungi from germinating and penetrating 
individual kernels of corn. This kind of control is used in the preservation of a 
number of high-moisture commodities such as fruits and vegetables. With high- 
moisture commodities, low temperatures are a major control of decay-producing 
organisms. Over the last twenty-five years, temperature and fungicides have been 
used together to prevent storage diseases in fruits and vegetables.
Experiments at the University of Illinois have combined the use of fungicides and 
low-temperature drying to result in better quality grain. This research has been 
funded by a number of chemical companies as well as the Illinois Corn Marketing 
Board, Quaker Oats, and the Anderson Research Fund. These studies have resulted 
in Section 18 emergency exemption for Illinois under the provisions of the Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA) to the Illinois Department of 
Agriculture for the use of Mertect 340F to suppress growth of Aspergillus species 
and Penicillium species on corn grain. Mertect should have a full Federal label 
by the summer of 1987 and hopefully other fungicides will be labeled soon.
The advantages of fungicides in an integrated system to control storage fungi are 
not completely clear at this time. Care should be taken to understand the limi­
tations of fungicide use so that the advantages will not be overstated. A number 
of potential questions and answers concerning the use of fungicides in the 
preservation of stored grain are discussed below.
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Propionic acid. A question that is usually asked about the use of fungicides as 
preservatives of stored corn is how Mertect 340F is similar or dissimilar to 
propionic acid or mixtures of related acids. Acids are corrosive to bins and 
cause off-flavor of grain that has been treated. The major advantage of propionic 
acids and related acids is that they can be used with corn at fairly high moisture 
and that grain will stay in good condition. Acid treatments are presently used 
mainly for corn that is to be used for animal feed. The use of Mertect 340F, on 
the other hand, is intended to preserve grain during drying and storage where 
grain moistures will eventually reach 16 percent or less. Mertect 340F is not 
effective in preserving grain at high moisture and should not be considered 
comparable to propionic or other related acid. The major advantages of Mertect 
340F are that it is not corrosive to bins, is less expensive than acid, and does 
not change the color or taste of the grain.
How should Mertect 3A0F he used in combination with natural air drying?
Before this fall, studies at the University of Illinois have all used fungicides 
to prevent fungal penetration of kernels during low-temperature drying and stor­
age. For low-temperature drying the recommendations are: (1) combines should be
adjusted to reduce mechanical damage, (2) grain should be harvested at 25 percent 
moisture or less, (3) each bushel of corn should be treated immediately with .03 
fluid ounces of Mertect 340F in 3 ounces of water carrier, (4) fans should be 
turned on immediately to achieve 1 CFM air flow, and (5) drying should continue 
until grain moisture is 16 percent. These recommendations are not much different 
from those without fungicide use. In many years, these recommendations without 
fungicides would result in kernels damaged by Aspergillus and Penicillium. Our 
experience is that with fungicide treatment, damage is greatly reduced. The 
fungicide is most effective when combined with reduced mechanical damage, good air 
flow in drying bins, cool temperatures in winter, and a moisture content below 16 
percent. The fungicide may compensate for (1) some damage done in harvest, (2) 
slightly lower than 1 CFM air flow, and (3) moistures during the winter of more 
than 16 percent. It will not compensate if any of the other three methods of 
control of storage molds is completely neglected.
Can Mertect 34-OF he used before moving corn through a high temperature dryer?
Until this fall we had done no studies where corn had been treated before placing 
it in a dryer. This fall we have experiments where corn is treated before high- 
temperature drying and after high-temperature drying to determine whether or not 
there is any loss in effectiveness of the fungicide. The physical characteristics 
of the active chemical ingredient in Mertect 340F indicate that no breakdown 
should occur at temperatures of 200°F or less. We fully expect that the Mertect 
340F will be stable during high-temperature drying. Results should be known by 
November.
Can old corn (previous year's crop) he treated with Mertect 3?*-0F? We have no 
experience with treating large amounts of a previous year's crop with a fungicide 
to determine the efficacy of the fungicide on old crop. In using Mertect 340F, we 
are attempting to prevent germination and penetration of fungi into corn kernels. 
It has been our experience that one year after harvest many kernels are infected 
with either Aspergillus, Penicillium or both. If the grain is already infected 
with these fungi, it is doubtful that Mertect 340F would be of any benefit in 
preserving corn. However, we have some information from laboratory studies that 
contradicts this assumption. We are also treating some old crop corn on farms to 
determine what efficacy may be obtained with this type of application. In
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general, however, we fully expect that the best results will be achieved by 
treating corn immediately after harvest.
Cost. The application of Mertect 340F at 0.03 fluid ounces of product per bushel 
will cost less than 3 per bushel for the fungicide. Any cost for treating 
equipment will need to be added to the cost of the fungicide. This cost can be 
rapidly recovered from the avoidance of shrink and poor quality discounts.
Application of fungicide. The most likely source of error is to apply too little 
fungicide to grain and to have poor coverage of individual kernels. The entire 
kernel should be covered to protect all sites from fungus penetration. We have 
been extremely cautious in treatment methods to cover entire kernels. We probably 
have "over-engineered" our treating equipment for good coverage and are using 
water rates at higher than the minimum needed. A kind of treater that we know is 
effective is a propionic acid treater. These treaters are short, 6 to 8-foot 
treaters that are basically a 6-inch auger for 3 feet that allows metering of 
grain so that grain flow is established at one rate, followed by an 8-inch auger 
in the same tube to allow for mixing. The 6-inch and 8-inch augers are both a 
solid tube with the auger screw on the inside against the tube wall. The treater 
we have used in the last two years of our experiments was developed by John 
Shriver of Merck and Company. This treater has a lower portion that regulates 
grain flow, with an 8-inch auger inside an 8-5/8-inch tube. The upper portion of 
the treater is a 12-inch auger in a 13-inch tube. The fungicide is applied as 
corn passes through the 12-inch portion of the auger and is sprayed onto the corn 
using hollow-cone nozzles. In the 12-inch section, the auger also contains three 
sets of agitation bars which mix the grain after it passes each set of nozzles. 
These bars are rods welded between the flightings of the auger. Dr. Shriver has 
also developed a separate metering pump package that meters Mertect 340F directly 
and mixes it with water just before it is sprayed onto the grain. This treater 
auger and metering pump may be ordered through Paul's Machine and Welding, Villa 
Grove, Illinois.
This past summer we did some studies treating corn with dye solutions to determine 
other possible methods of treating. With dye solutions we found that we had good 
coverage by spraying corn before it was moved through a grain cleaner. The grain 
cleaner provided good mixing of fungicide and corn. We also obtained good 
coverage by spraying the fungicide at the boot of a 60-foot 8-inch auger. These 
observations with dye coverage may or may not predict biological activity. The 
coverage, however, was not as good as that with sprays applied before the grain
cleaner. Another good possibility is to cut 2 to 3 feet of the auger tube base
and spray into that 2- to 3-foot area as grain is moved into a bin.
This fall we have in progress several different experiments that deal with methods
of application. We have treatments where (1) Mertect was applied at the base or 
the boot of a 60-foot 8-inch auger, and (2) Mertect sprayed with 0.2 ounce per 
bushel in a mineral oil carrier. As of this writing, we hope to have information 
on the biological efficacy of these kinds of treatments by our January Spray 
School meeting.
The number of possible methods of treatment appears to be infinite, and a choice 
will depend on the kind of grain-handling system on each individual farm.
Treatment does not appear to be an insurmountable problem, but it is an area where 
more research is desperately needed.
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Summary
Treatment of corn with a fungicide to prevent the growth of storage fungi will add 
one more factor to reduce fungal growth. Fungicides will allow us to stretch the 
limits of some other control techniques and, we hope, will result in a much 
better product. We are now trying to better determine how fungicides will best 
fit into the overall grain management system.
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Economic Injury Levels for Weeds
T. Beckett
Increasing financial pressures are forcing corn and soybean producers to closely 
monitor their costs of production, including their herbicide costs. Usually 
herbicide applications are considered a necessity, because the weed population in 
many fields is high, and yield losses could be excessive. However, when a low 
infestation of weeds has emerged with a crop, one must question the necessity for 
a postemergence corrective-type treatment. The justification for such a postemer­
gence application is often based on the need to improve aesthetics, ease crop 
harvesting, protect grain quality, or reduce weed seed production. As profit 
margins continue to decrease, economics will begin to play a larger role in the 
decision-making process.
The term economic injury level (EIL) is more commonly associated with insect or 
disease populations than with weed densities. Nonetheless, the principle applies 
to any pest. For weeds in particular, the EIL is defined as the density of a weed 
that will cause economic losses (usually in the form of reduced yields) equivalent 
to the cost of an available weed control measure. At weed densities higher than 
the EIL, the cost of a control measure will be more than offset by the returns 
from higher yields. At densities lower than the EIL, the expense of a control 
measure will reduce the profit margin and would therefore need to be justified by 
some other non-economic reason.
Traditionally, the EIL for weeds in corn and soybeans has generally been defined 
as the density of weeds predicted to cause a 10 percent yield loss. However 
yields, market prices, herbicide product costs, and application costs can vary 
from year to year and also throughout the state, thus making the EIL for a weed 
quite variable. Therefore, it is often more useful (1) to calculate the estimated 
value of crop loss, and then (2) to compare that with the cost of an available 
control measure. With this two-step method one can clearly see the estimated 
dollar value of profits or losses as a result of applying a postemergence herbi­
cide. For example, if the weed density in your field is predicted to cause a 
yield loss valued at $12/acre and the only available herbicide costs $15/acre, 
then using the herbicide will reduce your profit margin $3/acre, not $15/acre. In 
the long run, the $3/acre may be worth the expense by reducing this year's weed 
seed production.
While herbicide costs and the futures prices for grain are easily obtained by corn 
and soybean producers, it is difficult to estimate crop yield losses at low weed 
densities. Research has been conducted at the University of Illinois to determine 
the relationship between crop yield losses and weed densities for several weed
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species (Table 1). The results of these studies should only be used as general 
guidelines for estimating crop yield losses.
Several additional weed density studies in corn and soybeans have recently been 
conducted at the University of Illinois. In each of these studies the crops were 
planted in 30-inch rows following conventional tillage practices, and the weeds 
emerged within the crop rows at the time of crop emergence. Twenty-five volunteer 
corn clumps (10 plants/clump) per 100 feet of crop row were found to reduce 
soybean yields 49 percent. The same density of shattercane clumps (3 
plants/clump) reduced soybean yields 15 percent. A 1984-1985 study found that the 
same density of giant foxtail clumps (7 to 8 plants/clump) caused only a 2 percent 
soybean yield loss, while this density had caused a 6 percent yield loss in an 
earlier study (Table 1). In a corn crop, 100 common cocklebur plants per 100 feet 
of crop row reduced corn yields 18 percent. A 19 percent corn yield loss was 
observed when there were 200 shattercane clumps (3 plants/clump) per 100 feet of 
crop row. When clumps of 8 to 10 giant foxtail plants were spaced 3 inches apart 
in a corn row, a yield loss of 20 percent was observed.
Conditions other than those found in these studies can influence the extent of the 
yield losses. Planting narrower rows may improve the crop's competitiveness and 
lessen the effects of the weeds. An isolated weed will probably compete less than 
a clump of weeds. Late-emerging weeds are usually less competitive than those 
emerging with the crop. Weeds growing between the crop rows may be less competi­
tive and can often be controlled by cultivation.
It is important to apply postemergence herbicides in a timely manner. Field 
studies have shown that weeds emerging with soybeans should be controlled by 4 to 
6 weeks after soybean emergence (WAE) to minimize yield losses. An earlier 
application, for example 3 WAE, may be necessary for heavier weed infestations, or 
to be sure that the weeds don't grow too large to be controlled. Other studies 
have indicated that weeds emerging later than 4 to 6 WAE will have little affect 
on soybean yields.
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Table 1. Predicted Yield Losses from Various Densities of Several Weed 
Species Growing in Corn and Soybeans
Predicted yield loss (%)
Number of weeds or clumps of weeds 
_____per 100 feet of cron row_____
5 10 15 20 25 50 100 200 400 Ref.
Soybean:
J imsonweed 3 6 9 11 12 15 . . . ... (1.)
Common cocklebur 4 9 13 17 21 36 52 ... (2.)
Giant foxtail 
clumps (3-6 
plants/clump) 1 2 4 5 6 12 24 ... (3.)
Corn:
Yellow nutsedge . .. .. .. .. .. ... ... 1 (4.)
^References:
1. J.R. Bloomberg, B.L. Kirkpatrick, and L.M. Wax. Weed Science, 1982, 30, 
507-513.
2. B.L. Kirkpatrick, L.M. Wax, and E.W. Stoller. Agronomy Journal, 1982, 75, 
833-836.
3. S.K. Harrison, C.S. Williams, and L.M. Wax. Weed Science, 1985, 33, 203­
208.
4. E.W. Stoller, L.M. Wax, and F.W. Slife. Weed Science, 1979, 27, 32-37.
NOTE: Each study was conducted in conventionally tilled corn or soybean fields
with rows spaced 30 inches apart. The weeds emerged at the time of crop emergence 
within the crop row, with the exception of the yellow nutsedge study, in which the 
weeds emerged and grew within and between the corn rows.
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New Developments in Wild Garlic Control
R. Gast
HARMONY FOR SHORT TERM BENEFITS
Wheat grading standards for wild garlic were made stricter in 1986. Under the old 
standards, wheat that contained two to six garlic bulblets per 1000-gram sample 
was ruled light garlicky. With more than six bulblets, a sample was classified as 
garlicky and was therefore subject to higher discounts. Under the new standard it 
now takes only two or more bulblets per 1000-gram sample to be classed as gar­
licky. According to George Kapusta at Southern Illinois University, only one 
aerial bulb head in a 10-foot x 40-foot area will result in garlicky wheat. In 
response to the change in the standard, the discounting in Illinois has also 
gotten tougher. For example, a load of wheat in Monroe County was discounted to 
$1.37 from a $2.40 bid last June largely due to the presence of garlic bulblets.
At last year's Spray School we introduced the DuPont herbicide Harmony, which has 
shown excellent promise in controlling wild garlic iff winter wheat. Last spring 
the EPA denied a Section 18C Emergency Use Permit requested by the Illinois 
Department of Agriculture. The permit would have allowed the use of Harmony in 
garlic-infested wheat. DuPont has now submitted the necessary information to 
obtain a full registration for Harmony herbicide. Clearance is expected sometime 
in 1987.
Harmony is a selective broadleaf herbicide formulated as a 75DF (75 percent dry 
flowable) for use in wheat (including duram) and barley. In addition to its 
activity on some important broadleaf weeds it is also quite active on wild garlic. 
Wheat has excellent tolerance to Harmony because it is quickly detoxified inside 
the plant. For wild garlic control, Harmony is applied postemergence to garlic 
foliage in the spring. The use rates for Harmony are much lower than for most 
herbicides, so special care should be taken when measuring and calibrating to 
ensure proper application.
The proposed Harmony label has a rate range of 1/3 to 1 1/3 ounces of product per 
acre. For wild garlic control the recommended range will probably be 1/3 to 2/3 
ounce. Harmony's activity on many broadleaves found in wheat is a benefit beyond 
its ability to control garlic. Some of the weeds listed on the label include many 
mustards, pigweed, lambsquarters, kochia, and wild buckwheat. Chickweed is not on 
the label but has been seen to be suppressed or severely stunted by Harmony, 
depending on the application rate.
Unfortunately, in addition to controlling many important weeds, Harmony will also 
kill or severely stunt red clover underseedings when it is applied to their 
foliage. However, studies have shown that Harmony's soil activity is brief at 
lower use rates and red clover can probably be underseeded safely three to four
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weeks after application when rates of 2/3 ounce of product per acre or less are 
used. This also means, of course, that double crop soybeans will be perfectly 
safe from any herbicidal effects.
University of Illinois field studies performed over the last several years have 
shown Harmony to be a very effective and consistent herbicide for control of wild 
garlic aerial bulblet production. Aerial bulblets are the ones that contaminate 
the grain. These tests indicate that aerial bulblet production can be reduced by 
90 percent or more with rates as low as 1/6 ounce of product per acre. Also, the 
window of application is much broader than that of the traditional treatments of 
2,4-D or Banvel. Excellent control has been attained from applications made as 
early as March 21st to as late as April 29th. However, the proposed label limits 
application timing from between the two-leaf stage and the boot stage of wheat.
The latter stage may occur before April 29th. No wheat yields were taken from 
these tests but a slight discoloring of the wheat stand was noted with the April 
29 applications that were made at the boot stage of the wheat.
LONG TERM POPULATION REDUCTION
So, it appears that Harmony can provide excellent control of aerial bulblets for 
the short term benefit of fewer discounts at the elevator. For long term popula­
tion reduction, however, the grower needs to control the production of underground 
offset-bulbs. These bulbs are produced from the parent bulb, usually after it 
begins its spring growth. There are two basic types of offset bulbs that are 
produced: softshell and hardshell. Only one softshell bulb is produced per plant
per year and it usually germinates within a year after being produced. However, 
as many as five to seven hardshell bulbs can be produced per plant and the 
dormancy periods can be up to five years.
Our tests indicate that the best control of both hardshell and softshell produc­
tion is achieved with early Harmony applications and rates toward the higher end 
of the rates labelled for garlic control, for example, 2/3 ounce. The response to 
rate control was more apparent with the harder-to-kill softshell bulbs. The 
response to application timing control was quite dramatic. At the 2/3 ounce rate, 
softshell production was decreased by 55 percent when Harmony was applied March 
21st and only 20 percent when applied April 29th. At the same rate, hardshell 
production was reduced 82 percent and 24 percent when applications were made March 
21st and April 29th.
Lab studies have shown that Harmony is slowly taken into the wild garlic foliage 
but is readily translocated throughout the plant, including the developing bulbs. 
The major block for entry into the wild garlic plant is the thick waxy cuticle on 
the outside of the leaf. For this reason the addition of a nonionic surfactant 
will be necessary to spread the droplets on the leaf surface. The rate of 
surfactant will be the usual 0.25 percent or 1 pint per 100 gallons. When loading 
the sprayer, it is always important to add the surfactant after adding the 
herbicide. The Harmony label will warn the user that a rain soon after applica­
tion will reduce control. At least 6 hours between application and rainfall will 
be required to ensure good activity.
One final note: Crop rotation is a good cultural practice to reduce wild garlic 
numbers because tillage operations often come at a vulnerable time in the repro­
ductive cycle of the garlic. However, in many years wild garlic underground bulbs 
may have chance to develop and mature prior to soybean planting. That could mean 
a multiple increase in the population that will infest the soil for years to come.
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DuPont has begun testing early pre-plant applications of Canopy and combinations 
of Harmony plus Canopy to control both the development of underground garlic bulb 
and early-germinating weeds before soybean planting. Canopy is a mixture of the 
herbicides Classic and Lexone. Classic is closely related chemically to Harmony 
and may have good activity on wild garlic. In the future these herbicide treat­
ments could be an integral part of a wild garlic erradication program.
Wheat Disease Management 
Perspective for the Eighties
B.Jacobsen
Yield potentials for soft red winter wheat varieties have increased markedly in 
the last 10 years. Today a well-managed, disease-free acre of soft red winter in 
Illinois has a yield potential of more than 100 bushels/A. This is in contrast 
to maximum yields of 60 to 75 bushels/A only 10 years ago. I believe we can 
expect yield increases of this same magnitude in the next 10 years. At that 
time, our yields should equal those in Europe and yield losses of 5 to 10 percent 
will be more than enough to justify foliar chemical controls. Failure to reach 
optimal yields in Illinois are usually due to disease, late planting, low or 
excessive seeding rates, inadequate fertility, flooding or ice smothering, 
heaving, hot dry weather during grain fills, and winter injury. While producers 
cannot manage the weather, they can manage disease problems to minimize the 
effect of diseases on yield.
In recent years, yield losses have averaged 15 to 25 percent, with the losses 
calculated by measuring the yields in disease control plots where perfect disease 
control was not achieved. Thus, these yield loss estimates are very 
conservative. Diseases causing major yield losses in recent years include barley 
yellow dwarf virus (BYDV), Septoria leaf blotch, Septoria glume blotch, leaf 
rust, stem rust, scab, and tan spot. Diseases that cause losses of a lesser 
degree include take-all root rot, loose smut, bunt, wheat streak mosaic virus, 
wheat spindle streak mosaic virus, wheat soilborne mosaic virus, and various 
crown and root rot diseases. While these latter diseases have been of lesser 
importance, they have the potential to cause major lossses under certain 
conditions. Because no single control practice will control all these diseases 
economically, producers must utilize an integrated disease management program 
based on: (1) the use of high-yielding resistant varieties; (2) planting at the 
optimal times and rates; (3) crop rotation; (4) planting high-quality, 
fungicide-treated seed; (5) optimal fertility; (6) crop scouting to determine 
disease risk potential; and (7) application of appropriate foliar fungicide 
controls. Failure to implement such an integrated disease management program 
will result in increased disease losses, unnecessary expense for application of 
pesticides, and annual failure to realize the yield potential of varieties.
RESISTANT VARIETIES
It is important to select varieties resistant to diseases that cannot be 
controlled by other methods or that pose a significant risk in a given situation. 
Resistance to other diseases, while a potential benefit, should not be chosen 
unless the economic yield potential of the variety can offset the disease loss.
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Varieties chosen for Illinois should have resistance to wheat soilborne mosaic 
virus and BYDV. Resistance is widely available to leaf rust, stem rust, tan 
spot, the Septoria diseases, powdery mildew, take-all, and loose smut in varie­
ties with high yield potential. However, there are other excellent controls 
available for these diseases.
OPTIMAL PLANTING TIME
Ideally, fall growth of wheat should be sufficient to provide ample food reserves 
for the crown and roots to provide new growth the following spring. Early 
planting usually results in a buildup of foliar diseases such as tan spot, leaf 
rust, Septoria leaf blotch and glume blotch, take-all disease and, most impor­
tant, BYDV. Late planting to avoid aphids whose feeding transmits the BYDV and 
wheat curl mites that transmit the wheat streak mosaic virus, and the buildup of 
foliar diseases often result in winter injury problems. These problems occur 
primarily when wet falls result in planting later than the optimal fly-free 
period. In coming years, the use of new systemic fungicide and insecticide seed 
treatments should help remove the "penalty" for early planting by controlling 
aphid and mite virus vectors.
CROP ROTATION
Throughout history crop rotation has been a major factor in reducing disease 
losses. Rotations where wheat or other small grains are absent for 2 or more 
years will have a major impact on take-all, tan spot, and the Septoria diseases 
complex. Crop rotations also provide control of several other diseases that we 
do not consider to be of significant importance.
HIGH QUALITY SEED AND FUNGICIDE SEED TREATMENT
It is important for producers to understand that even the best fungicide seed 
treatment will not change poor quality seed into high quality seed. In Illinois, 
it is important that seed be plump and of high test weight. This will help 
insure that scab infections are minimal and that seed rots and seedling blights, 
which attack slow-germinating seeds or weak seedlings, will be minimized.
Seed treatment fungicides are important for control of seed rots, seedling 
blights, bunt, and loose smut. The use of a fungicide seed treatment that 
controls these diseases is nonnegotiable. When Baytan (Mobay) is labeled, we 
will have a fungicide that controls all the above diseases, as well as take-all 
and foliar infections by rust, powdery mildew, and Septoria fungi for 30 to 50 
days after planting. This and other new seed treatment fungicides now used in 
Europe will be powerful tools for control of foliar diseases.
More recently, researchers have identified Pythium root rot as a major "hidden 
disease." Currently, metalaxyl (Apron) and similar fungicides are being eval­
uated for control. It appears that Apron seed treatment may dramatically improve 
winter survivial of late-planted winter wheat.
OPTIMAL FERTILITY
The optimal levels of fertility are not clearly identified for Illinois.
However, it is well known that adequate amounts of nitrogen are needed during the 
tillering, flowering and kernel fill stages of development for highest yields.
119
Maintenance of lush foliage can increase the risk of foliar and head diseases, 
particularly where head densities are high. Growers who fertilize for optimum 
production must therefore be prepared to use foliar fungicides or disease- 
resistant varieties for control of such foliar diseases as powdery mildew, tan 
spot, rusts, and the Septoria disease complex. While wheat yields respond 
dramatically to nitrogen, they can do so only where the levels of phosphorus and 
potassium are adequate.
CROP SCOUTING
The importance of scouting cannot be overemphasized, because disease problems 
change each year with the development of new pathogenic races and even the 
appearance of new diseases. The first step in scouting is to determine the yield 
potential of the field. For example, economics will allow for a $20/acre input 
where 10 percent disease losses occur in 80 bushels/A wheat, but not on 40 
bushels/A wheat.
After the yield potential is determined, scouting in the tillering-to - early-boot 
stage is critical if foliar disease losses are to be minimized. The yield loss 
potential for each disease, relative to maturity and the variety involved, must 
be understood. Remember that the flag leaf, the head, and leaf below the flag 
leaf are responsible for about 80 percent of grain fill. If we are to do a 
better job in using foliar fungicides, we must develop the research base for the 
aforementioned decision making.
FOLIAR FUNGICIDES
As the yield potential and inputs increase, the use of foliar fungicides becomes 
more economical and important in production strategies. During the past 5 years, 
we have tested a wide range of fungicides on popular soft wheat varieties in 
Illinois. In Table 1 are yield data from these trials using currently labeled 
(or soon to be labeled) fungicides. The differences in results year to year 
reflect differences in the prevalence and severity of diseases and the disease 
pressure they exert.
If high-mangement wheat production in the United States and other countries can 
be used as predictive models, it is likely that foliar fungicides will be more 
widely used in the future for control of rust diseases, the Septoria disease 
complex, tan spot, powdery mildew, and a wide range of crown, stem, and head 
diseases.
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Table 1. Effect of Foliar Fungicides on Yield of Winter Wheat in Central 
Illinois, 1982-1986
Growth^ _______________Year
Treatment Rate (oz a .i./A)a stage(s) 1982 1983 1984 1985 1986
Control . . . 64.0 62.4 56.4 45.4 67.2
Dithane M-45 25.6 8 , 10.1 75.0 76.4 62.4 44.6 81.4
Manzate 200 20 8 , 10.1 83.3 81.5 43.4
Bayleton 50WP 2 8 84.6 87.5 69.5 53.1 81.4
Tilt 3.6E 1.76 8 74.4 86.0 70.0 55.1 90.7
Benlate 50WP 8 8 , 10.1 68.8 91.0 . . . . . .
Bayleton 
+ Dithane M-45 20 + 15 8 , 10.1 79.4 79.2 71.4 52.5 86.0
Mertect 340F 5 8 , 10.1 . . . 82.3 70.4 45.6 86.0
FLSDO.10 10.7 4.7 12.8 9.9 10.3
aOunces active ingredient per acre.
^Growth stages according to Feekes scale. Growth stage 8 is emergence of the 
flag leaf; 10.1 is head fully exposed.
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Pyrethroid Ear Tags for Pastured Cattle: 
Horn Fly Resistance in Illinois
R. Weinzierl, G. Cmarik, G. Zinn, and D. Faulkner
ABSTRACT
Sustained-release insecticide products were evaluated for face fly and horn fly 
control on pastured cattle in replicated trials conducted at the Dixon Springs 
Agricultural Center in 1985 and 1986. Permectrin, Guardian, and permethrin/ 
chlorpyrifos ear tags provided, respectively, 64, 46, and 50 percent reductions 
in season-long face fly burdens and 98 to 99 percent reductions in season-long 
horn fly burdens in 1985. In 1986, the Vigilante bolus, diazinon ear tags, and 
Ectrin ear tags were evaluated. Diazinon and Ectrin tags provided, respectively, 
42 and 32 percent reductions in season-long face fly burdens and 96 and 63 
percent reductions in season-long horn fly burdens. The Vigilante bolus provided 
no meaningful control of face flies and 42 percent control of horn flies.
Horn fly response to permethrin was studied in a series of bioassays using 
field-collected horn flies from the Dixon Springs Agricultural Center in 1985 and 
1986. Horn flies collected from pyrethroid-tagged cattle in October 1985 
exhibited a permethrin tolerance (at the LCgg level) 52 times greater than the 
reference susceptible population. LC^q values for flies collected from 
pyrethroid-tagged cattle in July, August, and September, 1986 were approximately 
5, 20, and 13 times greater than the LCgo value for a susceptible lab strain. 
Bioassays also indicated pyrethroid-resistant horn flies were present in 
populations attacking untagged cattle in pastures 1 to 5 kilometers from the 
tagged herds. Bioassays of horn flies collected from pyrethroid-tagged cattle in 
Shelby and Marshall-Putnam counties indicated pyrethroid resistance levels 
similar to those of pyrethroid-pressured populations at Dixon Springs.
Resistance levels were sufficient to substantially reduce the efficacy of 
pyrethroid tags for horn fly control at Dixon Springs and demonstration sites in 
Shelby and Marshall-Putnam counties in 1986.
INTRODUCTION AND LITERATURE REVIEW
The horn fly, Haematobia irritans (L.), and the face fly, Musca autumnalis 
DeGeer, are common pests of pastured cattle in most areas of the United States. 
The horn fly, a small fly that usually clusters on the backs of cattle, is a 
blood-feeding fly that was accidentally introduced into North America in the late 
1800s. Horn fly larvae develop in fresh bovine manure and commonly require 10 to 
18 days to mature from egg to adult. Scholl and Petersen (1985) provide a brief 
summary of horn fly biology. Although their blood-feeding clearly defines the 
role of horn flies as pests of pastured cattle, the relationship between horn fly 
infestation levels and animals' rates of gain remains somewhat unclear. Several
122
researchers have shown increased weight gains associated with horn fly control 
when fly-free herds are compared with infested herds (Cheng 1958; Cutkomp and 
Harvey 1958; Campbell 1976; Harvey and Brethour 1979; Kinzer et al. 1984; Kunz et 
al. 1984), but the level of horn fly infestation that will cause sufficient 
losses to offset a given control cost has not been identified. Most workers 
estimate an economic threshold for horn flies in the range of 50 to 200 flies per 
animal, but more precise estimates or estimates that incorporate climatic 
factors, pasture characteristics, or additional stress factors are not available.
The face fly, a nonbiting fly slightly larger than the house fly, also breeds in 
fresh bovine dung. This fly also was introduced accidentally into North America. 
Since its introduction into Nova Scotia in 1951, it has spread rapidly to inhabit 
almost all cattle production areas in the United States. In average summer 
conditions, development from egg to adult requires 12 to 20 days. Adult face 
flies acquire the carbohydrate portion of their food needs by feeding on plants 
and dung; they obtain needed protein by feeding on animals' facial secretions 
such as tears, nasal mucus, and saliva. Moon and Meyer (1985) briefly summarize 
face fly biology. Recent studies have examined the effects of face fly infesta­
tions on cattle performance (Schmidtmann et al. 1981; Arends et al. 1982; 
Schmidtmann et al. 1984), but no differences in weight gains or milk production 
have been observed between face fly-infested and uninfested cattle. The face fly 
has been implicated in the transmission of the pinkeye bacterium, Moraxella 
bovis, and many producers attempt to control face fly infestations in hopes of 
limiting the incidence of pinkeye.
Since 1981, polyvinyl chloride ear tags and ear tapes containing pyrethroid 
insecticides have been used by many producers to limit horn fly and face fly 
infestations on pastured cattle. These devices commonly contain fenvalerate, 
flucythrinate, or permethrin and are designed to slowly release sufficient 
amounts of insecticide to provide fly control for up to 20 weeks. Ahrens and 
Cocke (1979) were among the first to report that pyrethroid-impregnated ear tags 
provided extremely effective horn fly control. Recent volumes of Insecticide and 
Acaricide Tests, an annual summary of research published by the Entomological 
Society of America, have contained numerous reports on the efficacy of pyrethroid 
tags. Moore and Cmarik (1981) summarized pyrethroid ear tag trials conducted in 
Illinois in 1980. A review of numerous evaluations results in estimates that 
pyrethroid ear tags will provide 95 to 100 percent control of susceptible horn 
flies for an entire season in Illinois and reduce face fly infestations by 30 to 
70 percent when compared with populations on untreated herds.
Horn fly populations in several parts of the United States have developed 
resistance to pyrethroid insecticides after only a few seasons of pyrethroid ear 
tag use. Georgia, Louisiana, and Florida were among the first states to encoun­
ter pyrethroid resistance problems (Sheppard 1984; Quisenberry et al. 1984; 
Schmidt et al. 1985), but published and unpublished accounts of resistance now 
include reports from additional southeastern states, Kentucky, Texas, Oklahoma, 
Kansas, Nebraska, and California. Evolution of horn fly resistance to one 
pyrethroid seems to consistently provide cross-resistance to all pyrethroids 
currently used in ear tags and similar devices (Byford et al. 1985).
The studies reported in this paper were conducted in 1985 and 1986 to evaluate 
commercial and experimental products for horn fly and face fly control on pas­
tured cattle in Illinois and to determine the presence and intensity of pyre­
throid resistance in horn fly populations at the trial sites. Effectiveness of
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insecticidal products is evaluated by comparing season-long averages of horn fly 
and face fly burdens among replicated treatments that include untreated checks. 
Horn fly resistance to pyrethroids is assessed by examining mortality of field- 
collected horn flies exposed to a range of permethrin concentrations in labora­
tory bioassays conducted on several dates in 1985 and 1986.
MATERIALS AND METHODS
Efficacy Studies
Replicated Trials at Dixon Springs. Evaluations of sustained-release devices for 
horn fly and face fly control were conducted at the University of Illinois Dixon 
Springs Agricultural Center near Simpson in southern Illinois in 1985 and 1986.
In 1985 we evaluated Guardian (7.5 percent flucythrinate) ear tags manufactured 
by American Cyanamid, Permectrin (10 percent permethrin) ear tags manufactured by 
Boehringer Ingelheim, and an experimental 10 percent permethrin/6 percent chlor- 
pyrifos tag also produced by Boehringer Ingelheim.
Eleven beef cow-calf herds, each composed of 25 to 60 cows and their calves, were 
treated and observed in 1985. These were mixed-breed herds of similar composi­
tion, containing primarily Angus, Hereford, and Hereford-Angus crosses. Each 
herd represented a single experimental unit; all animals within a herd received 
the same insecticide treatment. Insecticidal tags were applied at the rate of 
two tags per cow and two tags per calf on June 4-6, 1985. Guardian and Permec­
trin tags were each applied to three herds; two herds received the permethrin/ 
chlorpyrifos tags; and three herds remained untreated. These herds grazed in 
pastures separated from each other by distances of 1 to 5 kilometers; wooded 
areas also helped to separate and isolate most pastures.
Horn fly and face fly infestations were estimated on June 10 and June 18 and 
thereafter at two-week intervals through September 24, 1985. Estimates were made 
by driving to within 10 meters of randomly selected animals and counting (with 
the aid of binoculars) the numbers of face flies per face and horn flies per side 
on 10 to 25 cows in each herd. Although calves were tagged, we did not estimate 
fly numbers on calves in this study. Tag loss from cows and calves was noted and 
recorded throughout the season.
Counts from each herd were averaged to generate a mean number of face flies per 
face and horn flies per side for each herd and sample date. These herd means 
were plotted by date to illustrate the seasonal patterns of horn fly and face fly 
populations. Season-long fly burdens for each herd were calculated by weighting 
the average of means from successive sampling dates according to the interval 
between sampling dates, summing these weighted averages over the entire obser­
vation period (June 10 through September 24), and dividing by 105 (the number of 
days in the observation period). This calculation produced two season-long meas­
urements, the number of face flies per face per day and the number of horn flies 
per side per day, for each herd. Season-long fly burdens from each herd were 
used to compute mean season-long fly burdens for each treatment. Standard errors 
and confidence limits also were computed for each treatment mean. Mean fly bur­
dens from each insecticidal treatment were compared to mean fly burdens from the 
untreated herds, and percent control was assessed according to the following 
equation:
Percent Control = (Untreated fly burden minus Insecticidal fly
burden) divided by Untreated fly burden.
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In 1986, we examined the performance of American Cyanamid's Vigilante bolus (a 
50-gram bolus containing 4.75 grams of diflubenzuron), an experimental 20 percent 
diazinon ear tag manufactured by Fermenta Animal Health, and the commercial 
Ectrin (8 percent fenvalerate) tag also produced by Fermenta. The Vigilante 
sustained-release bolus is marketed for its larvicidal activity in manure of 
treated animals.
Twelve beef cow-calf herds, each composed of 21 to 43 cows and their calves, were 
treated and observed in 1986. As in 1985, these were mixed-breed herds of simi­
lar composition, containing mostly Angus, Hereford, and Hereford-Angus crosses. 
Insecticidal ear tags were applied at the rate of 2 tags per cow and 2 tags per 
calf in late May and early June; application dates for each herd are indicated in 
Figures 3 and 4. Vigilante boluses were administered at the rate of two boluses
per cow on May 20-22, 1986. Calves did not receive a bolus. The Vigilante label
calls for 1 bolus per 250 kilograms (550 lbs.) animal weight with a limit of 2
boluses per animal and no bolus for animals weighing less than 136 kilograms (300
lbs). Ectrin tags, diazinon tags, and Vigilante boluses were each applied to 
three herds, and three herds remained untreated. Horn fly and face fly infesta­
tions were estimated at two-to four-week intervals from May 28 through October 3, 
1986 a period spanning 127 days. Other details of experimental design, sampling, 
and data analysis described for the 1985 trials were repeated in 1986.
Demonstrations in Shelby and Marshall-Putnam Counties. Nonreplicated, on-farm 
demonstrations were conducted in Shelby County, Illinois in 1985 and 1986 and in 
Marshall-Putnam counties in 1986. We did not intend that these trials would 
provide a stand-alone comparison of the efficacy of the products applied; lack of 
replication makes such a comparison invalid. These trials did, however, provide 
treatment sites for resistance monitoring and observations of performance in 
locations distant from the experimental site at the Dixon Springs Agricultural 
Center. Such demonstrations also provide producers an opportunity to observe 
available fly management products.
Table 1 provides a summary of products, application dates and rates, and observa­
tion frequencies for the fly control demonstrations conducted in 1985 and 1986. 
Horn fly and face fly infestations were estimated as described previously, and 
herd means were plotted by date to illustrate seasonal patterns of fly popula­
tions on the demonstration herds in Shelby County. The limited data from 
Marshall-Putnam counties were organized in table format only. No further analy­
ses were applied to assess differences among treatments.
RESISTANCE MONITORING
We used the "Kerrville" field test kit (Schmidt et al. 1985) for monitoring horn 
fly resistance to pyrethroids in Illinois in 1985 and 1986. This bioassay method 
exposes field-collected horn flies to a range of permethrin concentrations on 
treated cloth. Materials used in this bioassay were supplied by the USDA-ARS 
Livestock Insects Laboratory in Kerrville, Texas.
Horn flies were collected for bioassay by sweeping the backs of cows held in 
small pens. Flies were transferred from the net to screened cages and held in 
cooled, darkened conditions until bioassays could begin 0.5 to 2.5 hours later. 
Flies were aspirated from cages and chilled by holding the fly-filled aspirator 
bottles in ice until horn fly activity subsided. Chilled, inactive flies were 
transferred to 120-ml plastic specimen cups to provide 25 horn flies per cup.
Each cup was covered with a treated or untreated cotton muslin cloth held in 
place by a plastic lid ring with a 4-cm diameter opening in the center. Eleven
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opermethrin concentrations ranging from 0 to 10 ug per cm^ on muslin cloth were 
each used on three cups. A complete bioassay involved 33 cups of 25 flies each. 
Permethrin concentrations are listed in Table 5. A 2.5 cm length of 1.25-cm 
diameter cotton dental wick soaked in citrated beef blood was placed atop a 
second patch of muslin cloth on top of the treated cloth. The extra layer of 
muslin cloth prevented blood from soaking the treated cloth and diluting the 
treatment. In this bioassay, horn flies contact the insecticide when they probe 
through the treated cloth to feed on the blood pad above. Flies were held in 
cups for 22 hours at room temperature before mortality was assessed. Flies 
unable to walk at the 22-hour post-treatment time were recorded as dead.
Horn fly bioassays were conducted using flies collected before tagging at Dixon 
Springs and in Shelby County in June, 1985. Bioassays were repeated later in 
1985 at Dixon Springs using flies from untreated herds in September and October 
and from a permethrin/chlorpyrifos- tagged herd in October. Bioassays were again 
conducted using flies collected before tagging at Dixon Springs and in Shelby and 
Marshall- Putnam counties in May and June of 1986. Flies collected on a monthly 
basis from June through September from one untreated herd and one Ectrin-tagged 
herd at Dixon Springs were bioassayed in 1986. End-of-season bioassays were 
conducted in September of 1986 using flies from Atroban-tagged herds in Shelby 
and Marshall-Putnam counties.
To assess the insecticide dose/horn fly mortality relationship for each bioassay, 
results from the three replications of each treatment were pooled to generate a 
single mortality observation for each of the 11 permethrin concentrations. Mor­
tality figures were corrected to account for mortality in the untreated check by 
using Abbott's formula (Abbott 1925). To allow standard log-dose/probit analysis 
(Finney 1947), treatment concentrations were expressed as logarithms and percent 
mortality figures were expressed as probits. Least squares regression analyses 
were completed to describe the log-dose/probit relationship and estimate LC^q and 
LC90 values for each horn fly population.
RESULTS AND DISCUSSION
Efficacy Studies
Replicated Trials at Dixon Springs. Face fly and horn fly observations from the 
1985 trials at Dixon Springs are summarized and presented in Figures 1 and 2 and 
Table 2. Correlation between within-treatment variances and within-treatment 
means prevented the legitimate application of a standard analysis of variance 
(ANOVA) and multiple comparison technique to determine the statistical signifi­
cance of differences among treatments. We chose not to transform the individual 
observations that comprise the raw data sets to allow the use of such analyses. 
(See Perry 1986 and Jones and Matloff 1986 for a discussion of such comparisons.) 
Instead, treatment means of season-long face fly burdens and season-long horn fly 
burdens (based on untransformed data) are presented with their standard errors 
and 90 percent confidence limits to indicate that estimated means are not precise 
or exact measurements. Nonetheless, these means are useful values for compari­
sons of treatments.
Permectrin, Guardian, and permethrin/chlorpyrifos tags provided, respectively,
64, 46, and 50 percent reductions in season-long face fly burdens. This range of 
results is representative of the face fly control performance generally expected 
from pyrethroid ear tags. Data from this study do not provide the basis for 
preferentially recommending Permectrin, Guardian, or permethrin/chlorpyrifos tags
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for face fly control. The data do support claims that these tags suppress face 
fly infestations.
On many dates, the considerable variation in herd means of face fly counts from 
identically treated herds indicated that factors other than insecticide treatment 
differentially influence face fly populations on separate herds. This variation 
(also evident in 1986 face fly counts and horn fly counts from 1985 and 1986) 
illustrates why comparisons of unreplicated insecticide treatments are of limited 
value.
Horn fly numbers were relatively low on the untreated herds at Dixon Springs in 
1985. Dramatic declines in July and August resulted in means of 2 and 8 horn 
flies per side on two of the untreated herds in mid-August. (The third untreated 
herd suffered a horn fly burden of approximately 150 horn flies per side in 
mid-August.) Heavy rains and widespread flooding of breeding sites may offer a 
partial explanation for this mid-season population collapse in two pastures, but 
this explanation is clearly incomplete.
Permectrin, Guardian, and permethrin/chlorpyrifos tags all provided excellent 
(98-99 percent) season-long control of horn flies at Dixon Springs in 1985 (Table 
2). However, a subtle but biologically significant increase in horn fly numbers 
occurred on all tagged herds in September of 1985 (Fig. 2, a, b, c). This 
appearance of horn flies on tagged animals began approximately 14 to 15 weeks 
after tags were applied; in the absence of resistance, pyrethroid tags normally 
provide nearly 100 percent horn fly control for approximately 20 weeks. Subse­
quent bioassays (Tables 5 and 6) indicated this seemingly "minor" late-season 
increase in horn flies on tagged cattle was made possible by the development of 
pyrethroid resistance.
1986 observations of face fly and horn fly infestations at Dixon Springs are 
summarized and presented in Figures 3 and 4 and in Table 3. Treatment means of 
season-long face fly burdens (Table 3) indicate the Vigilante bolus provided no 
meaningful reduction in the number of face flies attacking treated cows. Diazi- 
non (an organophospate) tags and Ectrin tags provided 42 and 32 percent face fly 
control, respectively. This difference in face fly control between diazinon tags 
and Ectrin tags is neglible; both tags appeared to provide limited, but not 
highly effective, face fly control.
Horn fly numbers were much greater at Dixon Springs in 1986 than in 1985 (Fig.
4). Populations rose dramatically in early October, probably because September 
temperatures and rainfall were unusually high. Comparison of treatment means of 
season-long horn fly burdens (Table 3) indicates diazinon tags provided a 96 
percent reduction in horn flies. This level of control was clearly superior to 
that provided by other treatments. Although the use of Ectrin tags resulted in a 
63 percent reduction in horn fly numbers, this level of efficacy is considerably 
less than the 95-100 percent control that Illinois producers have expected during 
recent years. The Vigilante bolus resulted in a 42 percent reduction in season- 
long horn fly burden.
Season-long tag retention rates were greater than 95 percent for all tags used in 
1985-86. Retention levels in calves were similar except for Permectrin and 
permethrin/chlorpyrifos tags. End-of-season tag loss reached approximately 50 
percent for these products; loss resulted from the tag tearing through the ear, 
not from separation of tag and "button" portions. These tags are considerably 
longer than the other ear tags examined; greater losses may have resulted from 
increased snagging in fences, brush, etc.
Demonstrations in Shelby and Marshall-Putnam Counties. Figures 5 and 6 illus­
trate face fly and horn fly population trends on treated and untreated herds in
1985 and 1986. Because treatments were not replicated, extensive data analyses 
are inappropriate. However, several useful observations are possible. The first 
is that horn fly control provided by Atroban tags in 1985 approached 100 percent, 
regardless of tagging date. Face fly numbers remained relatively low on two of 
three Atroban-tagged herds throughout the 1985 season. However, the other 
Atroban-tagged herd suffered a face fly infestation approximately equal to that 
on the untreated herd during August and September. Both of these heavily in­
fested herds grazed in pastures that included dense stands of deciduous trees and 
large areas of uncontrolled broadleaf weeds. These weedy, wooded pastures pro­
vide carbohydrate food resources and favorable resting and mating areas for face 
flies. Because pastures differed in factors that influence face fly success, 
differences in face fly densities on different herds cannot be attributed en­
tirely to the efficacy of insecticidal treatments.
Despite differences in pasture characteristics and a lack of replication, the
1986 data from Shelby County clearly reveal a decline in the efficacy of 
pyrethroid tags (Atroban and Ectrin) for horn fly control. End-of-season horn 
fly infestations averaged 166 and 90 horn flies per side on two Atroban-tagged 
herds, and 34 horn flies per side on one Ectrin-tagged herd.
Demonstrations were established in Marshall-Putnam counties in 1986 to ensure the 
availability of pyrethroid-tagged herds for possible horn fly bioassays. Al­
though fly populations were assessed only twice during the entire summer, horn 
fly presence on pyrethroid-tagged cows (Table 4) indicated possible resistance 
and allowed the collection of horn flies for bioassay.
RESISTANCE MONITORING
Horn fly mortality data from permethrin bioassays are presented in Table 5. For 
further analyses, concentrations listed in this table were expressed as loga­
rithms using a log (ug/cm^ x 100) transformation, and mortality percentages were 
expressed as probits. The equation for a least-squares regression line was 
computed to describe the log-dose/probit relationship for each bioassay (Table 
6). When log-dose/probit data pairs resulting from repeated observations of zero 
or 100 percent mortality are included in such an analysis, these points flatten 
the slope of the regression line and misrepresent the dose-response relationship 
for the pertinent range of insecticide concentrations. To avoid this problem, 
data pairs containing observations of zero percent mortality at low permethrin 
doses were excluded from the regression analysis. Likewise, data pairs contain­
ing observations of 100 percent mortality were excluded except where greater 
permethrin concentrations produced less than 100 percent mortality in the same 
bioassay. Where data pairs containing an observation of 100 percent mortality 
were used in regression analyses, a probit of 8.09 was assigned for the 100 
percent values. The range of data pairs included in the probit analyses of each 
bioassay is indicated in Table 5.
The regression equations and estimates of LC50 and LC9Q values presented in Table 
6 were computed using a hand calculator, not a more powerful, computer-driven 
statistical package. Circumstances prevented the use of a more powerful analysis 
package before the deadline for submitting this paper. Although the estimates 
presented in Table 6 will remain the same following probit analysis on SAS (a 
statistical analysis package), such an analysis will allow presentation of 
confidence intervals for each estimate. In the absence of stated confidence
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intervals, readers are reminded that the regression coefficients, LC5q and LC90 
values presented in Table 6 are estimates, not exact measurements.
The dose-response relationships summarized in Table 6 clearly document the 
development of pyrethroid resistance in horn flies collected at Dixon Springs and 
sites in Shelby County and Marshall-Putnam counties. For example, the LC90 for 
permethrin exposure for horn flies at Dixon Springs was 0.28 ug/cm^ before 
tagging in June 1985. • LC90 values for flies collected from pyrethroid-tagged 
herds in October 1985, July 1986, August 1986, and September 1986 were, respec­
tively, 33.06, 5.00, 19.21, and 13.25. The September 1986 horn fly collection 
from pyrethroid-tagged cattle in Shelby County exhibited a ten fold increase in 
the LC90 value in comparison to the June collection from the same site. The 
June-to-September increase in the estimated LC90 for flies from Atroban-tagged 
cattle in Marshall-Putnam counties was from 0.20 to 8.90 ug/cm^.
It is important to note that pyrethroid-resistant horn flies were not limited to 
pyrethroid-tagged herds. LC9Q values in equations 2, 14, and 15 (Table 6) are 
considerably higher than the pre-tagging LC90 for the corresponding season. The 
greatest permethrin concentration represented in this bioassay (10 ug/cm^) did 
not result in 100 percent mortality in 3 bioassays (herds 6 , 7, 14, Table 6) 
conducted on flies collected from untagged cattle. These findings indicate the 
presence of pyrethroid-tagged cattle at a given location can result in migration 
of pyrethroid-resistant horn flies to nearby pastures and herds. This migration 
may limit the effectivenes of any insecticide rotation program practiced by an 
individual producer.
CONCLUSIONS
Although pyrethroid ear tags effectively controlled horn flies and face flies at 
trial locations in 1985, the resistance problems encountered in 1986 may dramat­
ically alter the future efficacy of these devices. Two alternatives to pyre­
throid tags were evaluated in this study. Tags containing diazinon effectively 
controlled horn flies and provided some reduction in face fly burdens; Vigilante 
(diflubenzuron) boluses did not adequately control either pest. As pasture fly 
management programs become complicated by the presence or threat of resistance, 
it is increasingly important that producers do not rely on repeated use of pyre­
throid tags. Alternatives include the use of other self- treatment devices such 
as oilers and dust bags charged with an organophosphate insecticide or ear tags 
containing an organophosphate compound. Further recommendations for pasture fly 
control are provided in Extension Circular 898, Insect Pest Management Guide for 
Livestock and Livestock Buildings (Weinzierl 1987).
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Table 1. Products, Application Dates and Rates, and Observation Frequencies for 
Horn Fly and Face Fly Control Demonstrations Conducted in 1985 and 1986
Site/
season
Herd 
I. D . Breed Treatment
Appli­
cation
date Rate
Observation
frequency
Shelby Co. 
1985
1- OR Simental Atroban 10% 
permethrin tag
4-18-86 2 tags/ 
cow
0 tags/ 
calf
1 per week. 
4/29-10/7.
2- FR Hereford Atroban 10% 
permethrin tag
6-3-86 2 tags/ 
cow
0 tags/ 
calf
1 per week. 
4/29-9/23.
3- RR Red Angus Atroban 10% 
permethrin tag
6-20-86 2 tags/ 
cow
0 tags/ 
calf
1 per week. 
6/24-9/23
4- RR Red Angus Untreated 1 per week 
4/29-10/7.
Shelby Co. 1- OR Simental Atroban 10% 4-10-86 2 tags/ 1 per 2-4
1986 permethrin cow weeks
0 tags/ 5/30-10/2.
calf
2- OR Simental Atroban 10% 5-19-86 2 tags/ 1 per 2-4
permethrin cow weeks.
0 tags/ 5/30-10/2.
calf
3- DR Angus Vigilante 4.75g 5-19-86 2 boluses/ 1 per 2-4
diflubenzuron cow weeks
bolus 0 boluses/ 5/30-10/2.
calf
4- RR Red Angus diazinon 20% 5-19-86 2 tags/ 1 per 2-4
tag cow weeks.
0 tags/ 6/12-10/2 .
calf
5- FR Hereford Ectrin 8% 6-9-86 2 tags/ 1 per 2-4
fenvalerate tag cow weeks.
0 tags/ 6/12-10/2 .
calf
6- RR Red Angus Untreated - - 1 per 2-4
weeks.
5/30-10/2
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Table 1. (continued)
Site/
season
Herd 
I. D . Breed Treatment
Appli­
cation
date Rate
Observation
frequency
Marshall- 
Putnam Co. 
1986
1- JR Hereford Guardian 7.5% 
flucythr inate 
tag
6-10-86 2 tags/ 
cow
0 tags/ 
calf
7/11/86
and
8/21/86
2- JR Hereford Atroban 10% 
permethrin 
tag
6-10-86 2 tags/ 
cow
0 tags/ 
calf
7/11/86
and
8/21/86.
3- JR Hereford diazinon 20% 
tag
6-10-86 2 tags/ 
cow
0 tags/ 
calf
7/11/86
and
8/21/86.
4- RM Mixed
breeds
Ectrin 10% 
fenvalerate 
tag
6-10-86 2 tags/ 
cow
2 tags/ 
calf
7/11/86
and
8/21/86.
5- JD Mixed
breeds
Untreated ” ” 7/11/86
and
8/21/86.
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Table 2. Treatment Means of Season-Long Face Fly and Horn Fly Burdens and 
Percent Control Estimates, Dixon Springs, 1985
Face Flies Per Face
Treatment Mean (S.E.)1 90% C.I. 2 % Control
Permectrin 2.83 ( 0.84) 0.39 - 5.27 64
Guardian 4.23 ( 1.37) 0.23 - 8.23 46
permethrin/chlorpyrifos 3.90 ( 0.60) 0.11 - 7.69 50
untreated 7.80 ( 1.04) 4.76 - 10.84
Treatment
Horn Flies Per Side
Mean (S.E.) 90% C.I. % Control
Permectrin 1.23 ( 0.32) 0.30 - 2.16 98
Guardian 0.53 ( 0 .12) 0.18 - 1.88 99
permethrin/chlorpyrifos 1.35 ( 0.85) 0 - 6.72 98
untreated 72.33 (24.50) 0.78 - 143.88 • •
^Mean season-long fly burden. Value in parentheses is the standard
error of the mean.
290 percent confidence interval. for (estimate of the mean.
Table 3. Treatment Means 
Percent Control
of Season-Long Face Fly and Horn Fly Burdens 
Estimates, Dixon Springs, 1986
and
Face Flies Per Face
Treatment Mean (S.E.)1 90% C.I.2 % Control
Vigilante 9.70 ( 1.71) 4.71 - 14.69 2
diazinon 5.77 ( 0.70) 3.73 - 7.81 42
Ectrin 6.73 ( 0.67) 4.78 - 8.68 32
untreated 9.87 ( 0.97) 7.04 - 12.70 * „
Treatment
Horn Flies Per Side
Mean (S.E.) 90% C.I. % Control
Vigilante 81.67 (20.34) 22.27 - 141.07 42
diazinon 6.00 ( 0.58) 4.31 - 7.69 96
Ectrin 52.52 ( 8.97) 26.14 - 78.52 63
untreated 139.67 (12.67) 102.68 - 176.66
Mean season-long fly burden. Value in parentheses is the standard
error of the mean.O90 percent confidence interval for estimate of the mean.
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Table 4. Herd Means of Face Fly and Horn Fly Counts, Marshall-Putnam Counties, 
1986
Treatment Face Flies Per Face Horn Flies Per Side
Guardian
July 11 
0.5
A u e . 21 
3.4
July 11 
1
Aug. 21
18
Atroban 1.0 7.9 6 66
diazinon 0.2 9.4 0.3 0
Ectrin 1.7 6.2 1 6
untreated 8.9 15.6 121 135
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Table 5. Horn Fly Mortality In Permethrin Bioassays
HERD,TMT. Date
Check
Mortal
i t y
% Corrected Percent Mortality 
by Permethrin Concentration^-
.05 .1 .4 .6 .8 1 2 4 8 10
Dixon Sprlugs
1 . AS, Pre- 6/5/85 5 *35 85 95 98 97 97* 100 100 100 100
2 . Heif, Check 9/24/85 0 *8 44 83 85 75 89 96 97 97* 100
3. Robbs, Check 10/22/85 24 *39 74 87 95 95 87 100 95* 100 100
4. JW, P/C 10/22/85 20 *16 25 16 16 38 25 41 75 84 88*
Shelbv Co.
5. RR, Pre- 6/20/85 16 *82 86 100* 100 100 100 100 100 100 100
6 .
Dixon Springs 
AS, Pre- 5/22/86 8 *37 51 71 88 83 85 93 99 100 99*
7. W, Pre- 5/28/8 7 *37 65 88 94 96 96 98 98 99 99*
8 . OVM, Ectrin 7/22/86 0 *3 3 21 35 59 63 73 87 92 97*
9. OVM, Ectrin 8/12/86 0 0 0 *5 13 24 27 47 67 80 64*
10. OVM, Ectrin 9/9/86 5 0 0 *8 15 24 23 59 71 78 83*
11. W, Check 6/24/86 4 *75 71 96 99 96 99 99 99* NA NA
12. W, Check 7/22/86 7 *69 77 97 96 99 99* 100 100 100 100
13. W, Check 8/12/86 5 *29 55 82 79 96 86 99 99* 100 100
14. W. Check 9/9/86 5 *28 38 65 82 82 79 93 99 99 97*
15.
Shelby Co. 
FR, Pre- 6/9/86 12 *54 69 94 95 99* 100 100 100 100 100
16. OR, Atroban 9/18/86 40 *5 12 28 33 33 67 72 100 88* 100
17.
Marshall-Putnam Co. 
RM, Pre- 6/10/86 43 *23 84 100 100 95 98* 100 100 100 100
18. JR, Atroban 9/19/86 20 0 0 0 0 *16 21 41 75 91 88*
^Mortality corrections computed as described by Abbott (1925) . Probit 
each bioassay based on mortalities presented between the asterisks (*)
analysis for 
on each line
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Table 6. Characteristics of Horn Fly Mortality in Permethrin Bioassays, 
Illinois, 1985-1986.
Date HERD,TMT Equation1 lc50 (R/S) LC90 (R/S)
6/25/85 Kerrville Lab 0.231 0.630
Dixon Springs
1. 6/25/85
2. 9/24/85
3. 10/22/85
4. 10/22/85
AS, Pre- y
Heif, Check y
Robbs, Check y
JW, P-C y
3.93 + 1.62x 
3.21 + 1.43x 
4.17 + 1.24x 
2.90 + 0.96x
0.05 ( 0.22) 
0.18 ( 0.78) 
0.05 ( 0.22) 
1.54 ( 6.67)
0.28 ( 0.44) 
1.42 ( 2.25) 
0.50 ( 0.79) 
33.06 (52.48)
Shelby County
5. 6/20/86 RR, Pre- y = 4.04 + 2.32x 0.03 ( 0.13) 0.09 ( 0.14)
Kerrville Lab 0 . 187 0 . 489
Dixon Springs
6 . 5/22/86 AS, Pre- y = 3.56 + 1.37x 0.11 ( 0.59) 0.97 ( 1.98)
7. 5/28/86 W, Pre- y = 4.34 + l.lOx 0.04 ( 0 .21) 0.59 ( 1 .21)
8 . 7/22/86 OVM, Ectrin y = 1.71 + 1.69x 0.88 ( 4.71) 5.00 (10.22)
9. 8/12/86 OVM, Ectrin y = 1.20 + 1.54x 2.92 (15.62) 19.71 (40.31)
10. 9/9/86 OVM, Ectrin y = 1.01 + 1.69x 2.31 (12.35) 13.25 (27.04)
11. 6/24/86 W, Check y = 4.89 + 1.08x 0.01 ( 0.05) 0.20 ( 0.41)
12. 7/22/86 W, Check y = 4.39 + 1.48x 0.03 ( 0.16) 0.19 ( 0.39)
13. 8/12/86 W, Check y = 3.44 + 1.54x 0.10 ( 0.53) 0.71 ( 1-45)
14. 9/9/86 W, Check y = 3.66 + 1.13x 0.15 ( 0.80) 2.08 ( 4.25)
15
16
Shelby County
6/9/86
9/18/86
FR, Pre- 
OR, Atroban
y = 3.84 + 1.71x 
y = 1.60 + 1.93x
0.05 ( 0.27) 
0.58 ( 3.10)
0.27 ( 0.55) 
2.70 ( 5.52)
Marshall-Putnam Counties
17. 6/10/86
18. 9/19/86
RM, Pre­
JR, Atroban
y = 3.47 + 2.15x 
y =-0.14 + 2.18x
0.05 ( 0.27) 
2.30 (12.30)
0.20 ( 0.41) 
8.90 (18.20)
T-------------------------------------------------------------------------------------------------------------------------------------T-------------------------------------------------------------------------------------------------------------------------------------------------------------y — probit mortality, x = log (ug/cm^ x 100)
^LC5q and LC9q values expressed as ug/cm^. R/S ratios computed by dividing esti­
mated LC50 or LC9q *iy corresponding values from the same season for Kerrville lab 
strain.
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Figure 1. Herd means of face fly counts plotted by date; Dixon Springs, 1985. 
Numerals in the field of each graph identify the herds (replicates). Each herd 
is identified by the same numeral in Fig. 2.
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Figure 2. Herd means of horn fly counts plotted by date; Dixon Springs, 1985. 
Numerals in the field of each graph identify the herds (replicates). Each herd 
is identified by the same numeral in Fig. 1. Horn fly densities for September 9 
and 24 are presented in table format in figures A, B, and C.
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Figure 3. Herd means of face fly counts plotted by date; Dixon Springs, 1986. 
Numerals in the field of each graph identify the herds (replicates). Each herd 
is identified by the same numeral in Fig. 4.
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Figure 4. Herd means of horn fly counts plotted hy date; Dixon Springs, 1986. 
Numerals in the field of each graph identify the herds (replicates). Each herd 
is identified by the same numeral in Fig. 3.
Figure 5. Herd means of face fly and horn fly counts plotted by date; Shelby 
County, 1985. Numerals in the field of each graph identify each herd. Herds 1-3 
were treated with Atroban tags; herd 4 remained untreated. See Table 1 for 
additional treatment information.
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Figure 6. Herd means of face fly and horn fly counts plotted by date; Shelby 
County, 1986. Numerals in the field of each graph identify each herd. Treatments 
were: 1 - Atroban; 2 - Atroban; 3 - Vigilante; A - diazinon; 5 - Ectrin; 6 -
untreated. See Table 1 for additional treatment information.
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Wireworm Management in Corn — Status and Future
S. Briggs
During the past several years wireworm damage to corn has increased 
significantly. Damage has been reported primarily from the western, southern, 
and central Illinois regions, but we have received reports from throughout the 
state. Many fields in these regions were damaged severely enough to warrant 
replanting.
We classify wireworms as sporadic pests in Illinois because their occurrence is 
often unpredictable and generally will never affect large acreages in any one 
area. The damage that wireworms inflict in individual fields, however, may be 
quite severe, often requiring corn to be replanted. Management of wireworms is 
difficult because postemergence insecticide treatments are neither labeled nor 
effective given the nature of the larvae’s feeding habits.
Numerous publications concerning wireworm biology, behavior, and control were 
published during the 1940s and 1950s. Although these are useful for providing 
information about host plants, feeding habits, and life cycles, they are of 
little value when we plan management strategies for today's crop rotations and 
insecticide selections. In the United States, research on wireworm problems in 
potatoes from the Pacific Northwest, in corn from Virginia, and in tobacco from 
some of the southeastern states constitutes the majority of the work done with 
these pests. Recent work on wireworms in the Midwest is scarce. Within the last 
ten years entomologists at the University of Missouri have been the only 
researchers to contribute significantly to our knowledge of wireworm behavior and 
management in corn.
Why are we experiencing an increasing number of wireworm problems? We don't know 
the answer to this question, but some entomologists have hypothesized that, as 
each year passes, the residues of chlorinated hydrocarbon insecticides (aldrin, 
dieldrin, heptachlor) in the soil are being slowly degraded. Chlorinated 
hydrocarbons were used extensively for many years against such pests as 
wireworms, corn rootworms, and black cutworms. Without these toxic residues in 
the soil, wireworm populations may have a lower mortality rate; therefore, more 
wireworms may be inflicting more damage to our crops.
Another theory about why we are encountering more wireworm problems points a 
finger at the set-aside programs that have been implemented during the past 
several years. Large acreages of undisturbed ground often provide more egg­
laying sites and improve wireworm survival. Surveys and field research have 
revealed that this theory may not be true because many fields with economic 
wireworm damage have been in a corn-soybean rotation for several years.
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Regardless of the reason for the increasing number of problems, management of 
wireworms has become an important concern for many Illinois corn growers.
WIREWORM DESCRIPTION AND BIOLOGY
Wireworms are the larval or immature stage of the common click beetle. Click 
beetles are so named because they make an audible "click" when trying to flip 
from their backside to their front. These beetles are attracted to lights at 
night and can be found during the day in grassy areas and other dense vegetation. 
Click beetles do not feed on agronomic crops and therefore are not pests.
Wireworm larvae spend their lives below ground feeding on the underground 
portions of plants. Most of the frequently collected wireworms are cylindrical 
in shape and reddish-brown in color and will grow to approximately 1 1/2 inches 
in length. The cuticle (skin) is very tough and leathery, and the last abdominal 
segment often appears sculptured. One common species found in Illinois is not 
reddish-brown in color. It is relatively small, measuring only about 3/4 inch, 
and has a dark, reddish-brown head and a white or cream-colored abdomen. The last 
abdominal segment is sculptured with irregular notches around the edge.
Wireworms live for several years in the soil before they pupate and emerge as the 
adult click beetle. Many wireworm species live four or five years in the soil. 
(The one common species that is white or yellow in color has a one-year life 
cycle.) During their first year, wireworms will feed on dead organic matter, 
rarely on living plant material. As the wireworm grows, it feeds on susceptible 
host plants.
Wireworms overwinter at soil depths below the frost line. In early spring when 
soil temperatures reach 55°F, wireworms migrate toward the soil surface to begin 
feeding on new vegetation. Optimum soil temperatures for wireworm activity in 
the upper six inches of soil are 65 to 75°F.
After completing the larval development period, wireworms either pupate in the 
soil and then emerge as adults in one to two weeks, or they remain as pupae until 
the following spring before they emerge as adults. Female adults mate and then 
lay eggs in the soil around host plants. Typical egg-laying sites include 
pasture or sod land and other dense vegetation. Some wireworms will lay eggs in 
field crops if weeds are present.
DAMAGE
Wireworms have chewing mouthparts and feed primarily on the roots of many 
different plants. Host plants include corn, soybeans, wheat, potatoes, onions, 
sorghum, and tobacco. Some of the reported nonhost plants include many of the 
crucifers (e.g., cabbage), mustard, and some of the clovers.
Wireworms damage corn by attacking the seed before germination and feeding on the 
endosperm, thus preventing germination. They also tunnel into the plant below 
ground and feed on the growing point of seedling plants, thus causing the plants 
to wilt and die. Damaged plants have a hole drilled into the base just below the 
soil line and often have a "dead-heart" condition (the center leaf is wilted and 
often bent over). Plants damaged in this manner will not recover.
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MANAGEMENT OF WIREWORMS IN CORN
Because there are no rescue or postemergence treatments available for wireworm 
control, knowledge of their presence before the crop is planted is very 
important. Determine which fields are high-risk fields based on field history 
(previous problems) or on cropping rotations. If corn is to be planted into old 
pasture land or other newly incorporated land, we recommend implementing a 
scouting procedure using bait stations as, described below. We also recommend 
baiting if wireworm problems have been experienced in a field within the last few 
years.
PROCEDURE FOR ESTABLISHING BAIT STATIONS
Establish wireworm bait stations approximately two to three weeks before planting 
is anticipated. At least 10 stations should be placed randomly in the field, 
making sure to sample representative areas of i.e., low and high spots, 
hillsides. Placing a bait station consists of digging a hole approximately 6 
inches deep and 10 inches across. Place the bait that you have selected at the 
bottom of the hole. Commonly used baits are potatoes, corn, wheat, sunflower 
seeds, or a mixture of any two of the seeds. Bury the potato or approximately 
1/2 cup of the bait in the hole and then mound soil over the bait. Place a piece 
of plastic (3' x 3’ clear polyurethane) over the mound of soil and anchor it 
around the edges with soil. Mark this location with a flag or another easily 
recognized marker. Proceed until all the bait stations have been established in 
the field.
After two weeks have elapsed, return to the field and dig up the baits with a 
shovel. Place the bait and surrounding soil onto the plastic to ease the sorting 
process. As you sort through the soil and bait, look for wireworms that have 
been attracted to the germinating seeds or sprouting potato tuber. Count and 
record all wireworms that you find and continue this process for the remainder of 
the stations in the field.
GUIDELINES FOR CONTROL
When wireworm numbers average one or more per bait station, a soil insecticide or 
seed treatment is warranted to protect the corn from severe stand reduction. You 
may be able to locate heavily infested areas of the field by baiting where 
populations are high. Then spot treat only those infested areas, and save the 
cost of treatment for the entire field. The more bait stations that you 
establish, the better your estimate of the population.
CONTROL
Several companies now market seed treatments that contain insecticides. Some of 
the more common active ingredients are diazinon and lindane. These insecticides 
will protect the seed from injury but will not protect the seedling plant against 
wireworm attack. You may want to consider a soil insecticide if the wireworm 
population is large.
If you use a soil insecticide, a seed treatment is probably unnecessary.
However, if fields are not treated with a soil insecticide, consider a seed 
treatment at planting. Soil insecticides labeled for control of wireworms are 
listed below. Follow label directions for rates and recommended placement of 
each insecticide.
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Table 1. Soil Insecticides Labeled for Control of Wireworm
Insecticide
Amount of 
product per acre* Placement
Aastar 15G 8 .7 pounds Band
Counter 15G 8 .7 pounds Band, Furrow
Furadan 15G 8 .7 pounds Band, Furrow
Lorsban 15G 8 .7 pounds Furrow
Lorsban 4E 2 quarts Broadcast, PPI
Mocap 15G 8 .7 pounds Band
Thimet 20G 5.0 pounds Band
NOTE: Aastar, Counter, Furadan, Mocap, and Thimet are restricted-use
insecticides.
*Based on 30-inch rows.
Factors Affecting Herbicide Persistence
B. Curran
Herbicides are applied to the soil in hopes of obtaining season-long weed control. 
It is desirable for the chemicals to control weeds during the season of applica­
tion, but they should not remain to affect subsequent crop growth. The length of 
time that a herbicide remains active in the soil is called "soil persistence" or 
"soil residual life." Anything that affects the disappearance or breakdown of her­
bicides will affect persistence. Many factors determine the length of time herbi­
cides persist. Most factors fall into three categories: soil factors, climatic
conditions, and herbicidal properties. These categories strongly interact with one 
another.
Herbicides vary in their potential to persist in the soil. Some herbicide families 
that have persistent members include the triazines, uracils, phenylureas, sulfon- 
ated ureas, dinitroanilines, certain hormone herbicides, and some recently devel­
oped herbicide chemistry. Table 1 lists several common herbicides in these groups. 
Table 2 lists the soil persistence of some common herbicides.
SOIL FACTORS
The soil factors affecting herbicide persistence fit into three categories: physi­
cal, chemical, and microbial. Soil composition is a physical factor that measures 
the relative amounts of sand, silt, and clay (the soil texture) and the organic- 
matter content of the soil. Chemical properties of the soil include pH, cation 
exchange capacity (CEC), and nutrient status. The microbial aspects of the soil 
environment include the type and abundance of soil microorganisms present.
Soil composition affects phytotoxicity and persistence through adsorption, leach­
ing, and volatilization. Generally, soils high in clay or organic matter or both 
have a greater potential for carryover because of increased adsorption to soil col­
loids with a corresponding decrease in leaching and loss through volatilization. 
This "tie-up" results in decreased initial plant uptake and herbicidal activity. 
Therefore, more herbicide is held in reserve to be released later, potentially 
injuring susceptible future crops.
Some herbicides, principally the triazines (atrazine, propazine, and simazine) are 
particularly affected by soil pH, an important part of the soil chemical makeup. 
Lesser amounts of these herbicides are adsorbed or held to soil colloids at higher 
soil pH, so they remain in the soil solution. Herbicides in the soil solution are 
available for plant uptake. Chemical breakdown and microbial breakdown, two major 
herbicide degradation processes, are often slower in higher pH soils. So although 
decreased adsorption of triazine herbicides occurs in higher pH soils, there is 
also less breakdown activity. Therefore, these herbicides are more available for 
plant uptake for a longer period of time on higher pH soils. Certain members of 
the sulfonylurea group (chlorsulfuron and chlorimuron) can also persist in higher 
pH soils because of decreased rates of chemical breakdown. Soil pH has little 
effect on the persistence of some herbicides.
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Research shows that various nutrients and cations in the soil affect both herbicide 
activity and degradation. The CEC, which is principally a function of clay type 
and organic matter content, is directly involved in herbicide adsorption. Some 
herbicides are more available in the presence of certain cations, whereas others 
may be tied up and therefore unavailable. The literature indicates that there is 
much variation in the effect that cations and nutrients can have on herbicide 
activity and breakdown, depending on soil composition, nutrient type and concentra­
tion, and the chemistry of the herbicide.
Soil microorganisms are partially responsible for the breakdown of many herbicides. 
The type of microorganisms and their relative amounts will determine how quickly 
decomposition occurs. Soil microbes require certain environmental conditions for 
optimum growth and utilization of any pesticide. Factors that affect microbial 
activity are temperature, pH, oxygen, and mineral nutrient supply. Usually, a 
warm, well-aerated, fertile soil with a medium soil pH is most favorable for micro­
organisms and hence herbicide breakdown.
CLIMATIC FACTORS
The climatic variables involved in herbicide breakdown are moisture, temperature, 
and sunlight. Herbicide degradation rates generally increase with increased tem­
perature and soil moisture because both chemical and microbial decomposition rates 
increase under higher temperature and moisture. Cool, dry conditions slow down 
herbicide degradation, and as a result, carryover potential is greater. If winter 
and spring conditions are wet and mild, the likelihood of herbicides to persist is 
less.
Sunlight is also an important factor in herbicide degradation. Photodecomposition, 
or decomposition by light, has been reported for many herbicides. The dinitroani- 
lines (trifluralin, pendimethalin, and ethalfluralin) are sensitive to light 
degradation. They may be lost when surface applied if they remain for an extended 
time period without rainfall. Therefore, degradation would be accelerated on very 
sunny days. This sensitivity to light and loss by volatility are primary reasons 
for soil incorporation.
HERBICIDAL PROPERTIES
Finally, the chemical properties of a herbicide affect its persistence. Important 
factors include water solubility, vapor pressure, and susceptibility to chemical 
and microbial alteration or degradation.
The water solubility of a herbicide helps to determine its leaching potential. 
Leaching occurs when a herbicide is dissolved in water and moves down through the 
soil profile. Herbicides that readily leach may be carried away or carried to 
susceptible plant rooting zones. Herbicide leaching is determined not only by its 
water solubility, but also by its ability to adsorb to soil particles. Addi­
tionally, soil texture and available soil water affect herbicide leaching. Herbi­
cides that are low in water solubility, that are strongly adsorbed to soil col­
loids, and that exist in dry soils are less likely to leach and have a greater 
potential to persist.
The vapor pressure of a herbicide determines its volatility. Volatility is the 
process whereby herbicides change from a liquid or solid to a gas. Volatility 
increases with temperature. Volatile herbicides such as the thiocarbamates (EPTC, 
butylate) must be incorporated immediately to avoid gaseous losses. These herbi­
cides are less likely to persist than herbicides with a low vapor pressure.
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Herbicides may be rapidly decomposed by microoraganisms in the soil if the right 
kind and number of microorganisms are present and if soil conditions are favorable 
for their growth. However, herbicides vary greatly in their susceptibility to 
microbial decomposition. For example, microbial decomposition of 2,4-D occurs very 
quickly in the soil, whereas atrazine degradation is slow.
Chemical decomposition is dependent not only on the chemistry of the herbicide (how 
susceptible it is to chemical breakdown), but also on soil and climatic factors. 
Chemical breakdown of a herbicide involves reactions such as hydrolysis, oxidation, 
and reduction. The occurence of these reactions and the rate at which they take 
place will vary with soil type and climatic conditions. These reactions along with 
microbial degradation are important processes in the decomposition of herbicides.
Avoiding Herbicide Persistence in Subsequent Crops
There are several ways to avoid herbicide carryover problems. First, always apply 
the correct rate of any pesticide for your specific soil type and weed problem.
This means applying the lowest rate of the chemical consistent with obtaining the 
desired effect. In order to accomplish this goal, accurate acreage determination, 
accurate chemical measurement, proper sprayer calibration, and uniform application 
are essential. Always read the label before applying any herbicide.
The method and time of application can be important in avoiding herbicide carry­
over. Some herbicides must be incorporated. However, if herbicides have the 
potential to persist longer than desired, those applied preplant incorporated will 
more likely remain longer than those surface applied without incorporation. Incor­
porating the herbicide makes it less susceptible to loss by volatilization and 
photodecompostion. In addition, the herbicide is immediately exposed to charged 
soil particles and possibly tied up through adsorption. Decreased environmental 
losses (volatilization and photodecompostion) and increased adsorption both favor 
herbicide carryover. Banded herbicide applications can reduce carryover potential 
because less total herbicide is applied in a band than if it is broadcast. Also, 
postemergence and late applications have a greater potential for being present in 
next year's crop.
The amount of tillage will affect herbicide persistence. Tillage encourages herbi­
cide decomposition indirectly through increased microbial and chemical breakdown. 
Minimum till and no-till, which leave crop residue on the soil surface, also tend to 
leave a greater concentration of herbicide near the surface zone. Persistent herbi­
cides present in this concentrated zone may affect susceptible crops. In addition, 
higher rates of herbicides are often used in reduced tillage systems to maximize 
weed control and adjust for greater amounts of crop residues. If a herbicide carry­
over problem already exists, some tillage to dilute the chemical may help.
Herbicide combinations may reduce the risk of carryover problems. By tank mixing 
two or more herbicides, we might reduce application rates of those products that 
potentially cause problems and broaden our weed control spectrum at the same time.
Herbicides may interact with one another or with other pesticides and enhance crop 
injury when they are applied in the same or in consecutive years. For example, a 
soybean crop may tolerate a certain level of atrazine carryover. However, if 
another photosynthetic inhibitor such as metribuzin is applied to soybeans after 
atrazine-treated corn, injury is more likely. Chlorimuron (the active ingredient 
in Classic and a component of Gemini and Canopy), a sulfonylurea, should not be
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used the same year with other products containing chlorimuron or imazaquin 
(Scepter) if a crop other than soybeans will be planted the following year. Chlori­
muron and imazaquin have the same mode of action in plants, and both have the 
potential to persist and to injure corn.
Plants absorb herbicides from the soil in which they are growing. Persistence may 
be less if the herbicide is metabolized or broken down by the plant or if the plant 
containing the absorbed herbicide is harvested and removed from the field. Plant 
extraction of the herbicide from the soil may not be an important factor under most 
situations, but it has been used in some situations to help remove persistent her­
bicides from treated soils.
Finally, the selection of a tolerant rotational crop or variety will help minimize 
carryover problems. Quite often, economics will dictate crop rotation; however, 
there are varietal differences that might affect the likelihood of serious crop 
injury. For example, some soybean varieties are more sensitive to the triazine 
herbicides than others and should not be used if the potential for triazine injury 
exists. Also, as a general rule, smaller seeded crops and varieties have a greater 
potential for injury from persistent herbicides than do larger seeded species.
If herbicide carryover is suspected, a soil chemical test or biological assay can 
help determine if harmful levels of herbicide residue are present. Chemical analy­
sis can be expensive, so a biological bioassay may be more feasible. Either can 
help you to determine if herbicide residues exist and if a tolerant crop or variety 
should be planted into a problem area.
Many variables interact in predicting herbicide persistence. Factors involved in 
the degradation of herbicides include many soil, climatic, and herbicidal proper­
ties. The potential for herbicide carryover problems can be reduced by using the 
appropriate rates and the accurate timing of proper application methods. The use 
of selective tillage, herbicide combinations, and tolerant crops and varieties can 
also help reduce the risk of crop injury.
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Table 1. Herbicide Families with Their Persistent Members
S-triazines 
atrazine
hexazinone (Velpar) 
propazine (Milogard) 
simazine (Princep)
Dinitroanalines 
benefin (Balan) 
ethalfluralin (Sonalan) 
oryzalin (Surflan) 
pendimethalin (Prowl) 
trifluralin (Treflan)
Phenylureas 
diuron (Karmex) 
fluometuron (Cotoran)
Uracils
bromacil (Hyvar-X) 
terbacil (Sinbar)
Others
bensulide (Prefar, Betasan) 
diphenamio (Enide) 
fluridone (Brake, Soner) 
norflurazon (Zoriel, Solicam) 
sodium borates 
tebuthiuron (Spike)
FMC 57020 (Command) 
imazaquin (Scepter)
Sulfonvlureas 
chlorsulfuron (Glean) 
chlorimuron (Classic) 
sulfometuron (Oust)
Hormone herbicides 
picloram (Tordon) 
fenac (Fenatrol)
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Table 2. Relative Soil Persistence of Some Common Herbicides Applied at Labeled 
Illinois Use Rates
1 mo. 1-3 mo. 3-12 mo. >12 mo.
2,4-D aciflourfen (Blazer/ 
Tackle
atrazine bromacil/Hyvar-X
glyphosate/
Roundup
Alachlor (Lasso benefin (Balan) chlorsulfuron
(Glean)
MCPA ametryn (Cvik) bensulide (Prefar, 
Betasan
picloram (Tordon)
paraquat bentazon (Basagran) bromoxyni (Buctril/ prometon
(Gramoxone) Brominal) (Pramitol)
butylate (Sutan/ 
Genate
chlorimuron (Classic) sodium borate
chloramben (Amiben diphenamio (Enide) sulfometuron
(Dust)
cyanazine (Bladex) 
OCPR (Dacthal)
diuron (Karmex) 
ethalflural (Sonolan)
Tebuthiuron
(Spike)
EPIC (Eptam/Eradicane 
linuron (Lorox) 
metolachlor (Dual) 
metribuzin (Sencor/ 
Lexone)
fluridone (Brake, Sonar) 
FMC 57020 (Command) 
hexazionne (Velpar) 
imazaquin (Scepter)
maptalam (Alanap) 
oxyfluorfen (Goal) 
propachlor (Ramrod) 
siduron (Tupersan) 
terbutryn (Tgran) 
vernolate (Vernam 
Reward
norflurazon (Zoriel, 
oryzalin (Surflan) 
pendimethalin (Prowl) 
pronamid (Kerb) 
propazine (Milogard) 
simazine (Princep)
Solicam)
terbacil (Sinbar) 
trifluralin (Treflan)
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Potential for Carryover of New Soybean Herbicides
M. Loux
The ideal soil-applied herbicide would exhibit sufficient residual activity to 
provide extended control of germinating weeds, but would dissipate rapidly enough 
to prevent injury in rotational crops. Very few herbicides have properties that 
allow them to be classified as ideal. Most herbicides provide residual weed 
control for relatively short periods, but have little potential to injure crops 
grown in the next growing season. Those herbicides that could potentially injure 
rotational crops are labeled with recrop restrictions to prevent problems in their 
use.
Carryover of herbicides that are generally considered safe in a given cropping 
system can occur, however. This carryover is usually the result of misapplication 
or of somewhat abnormal environmental conditions that promote increased herbicide 
persistence in the soil. Misapplication is the result of mistakes in sprayer 
loading or calibration, sprayer overlaps in the field, or incorrect interpretation 
of the herbicide label.
The year 1986 saw the full registration of several new soybean herbicides, 
including Command, Scepter, Classic, Gemini, and Canopy. These herbicides exhibit 
extended periods of residual activity in soil, and their safety to rotational 
crops such as corn or wheat is yet to be demonstrated over a wide range of soil 
types and environmental conditions. Studies conducted at several University of 
Illinois field research stations have contributed data that have resulted in 
increased knowledge of the behavior of these herbicides in the soil. These data 
and the information and recrop restrictions present on the labels of the new 
herbicides should be considered in regard to the safety of these new herbicides in 
Illinois cropping systems.
Chlorimuron, the sulfonylurea herbicide present in Dupont's Classic, Gemini, and 
Canopy herbicides, persists for long periods in soils with a pH greater than 6.8 
and is very injurious to corn. Little carryover potential exists below a pH of 
6.8 . Label restrictions thus prohibit the use of these herbicides on soils of pH 
6.8 or greater. A further recropping restriction is also listed on the labels of 
Canopy and Gemini: only soybeans can be planted in the 18 months following
application. These restrictions should ensure the safe use of Canopy, Gemini, and 
Classic in soybean cropping systems.
Although Command is active on both corn and wheat, wheat is more susceptible to 
injury from this herbicide. Command is much more persistent in the fine-textured, 
higher organic matter soils of northern Illinois than in southern Illinois's lower 
organic matter soils. Wheat bioassays of Command-treated Drummer soil five months
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after herbicide application have exhibited significant wheat injury, which takes 
the form of shoot bleaching and growth reduction. The current Command label 
prohibits the planting of small grains and small-seeded legumes following soybeans 
that have been treated with Command.
Some early corn injury occurred in 1986 where soybeans had been treated with 
Command in 1985. Command carryover injury bleaches the first corn leaves, 
although the corn rapidly outgrows the injury. This injury does not appear to 
cause yield reductions. Corn injury will be more likely to occur in the fine- 
textured, higher organic matter soils of the northern half of Illinois than in the 
southern half of the state.
American Cyanamid introduced Scepter in 1986 and is developing a similar herbi­
cide, Pursuit, for use in soybeans. Both of these herbicides are toxic to corn, 
but wheat exhibits a fair degree of tolerance. Experimental results have shown 
similarities in the persistence patterns of these.two herbicides in soil. In 
Drummer soil, loss of about 70 percent of the herbicide occurred within two months 
of application, while the remaining herbicide persisted for a year following 
application. Both herbicides dissipated completely within four months of applica­
tion to Cisne soil. As with Command, these herbicides are much more likely to 
carry over and injure corn in the northern half of Illinois. For this reason, the 
Scepter label prohibits the planting of corn or sorghum for the eleven months 
following application of Scepter. Small grains cannot be planted within four 
months of a Scepter application.
When used at labeled rates, Scepter and Pursuit appear to be safe in a rotation 
with corn unless environmental conditions occur that might promote herbicide 
persistence. In the northern half of Illinois, however, corn injury could occur 
in areas where rates greater than those labeled were applied the previous year. 
Corn is more tolerant of Pursuit than Scepter, and the labeled rate of Pursuit 
will contain less active ingredient than that of Scepter. Overall, then, Pursuit 
should be safer than Scepter in a soybean-corn rotation in the finer-textured, 
higher organic matter soils of northern Illinois.
The new herbicides are active at lower rates than previously labeled herbicides, 
are generally more persistent, and require increased attention to correct herbi­
cide application. Safety to rotational crops will depend upon precise herbicide 
application to avoid levels that could injure subsequent susceptible crop species. 
This involves correct mixing and calibrating of sprayers and the elimination of 
sprayer overlap in the field. These steps will greatly reduce the potential for 
carryover herbicide from one growing season to the next, whether it is caused by 
their inherent chemical properties or by the influence of these properties on 
their interaction with different soil environments. Since the above-mentioned 
herbicides have only been in use one year, their carryover potential in a wide 
range of soil types will become known only with time.
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Slug Control in Corn
M. Bergman, L. Bledsoe, and R. Edwards
In the spring and early summer of 1986, large populations of field slugs 
(probably Deroceras spp.) appeared in many Indiana cornfields. Leaf feeding by 
this mollusk was extensive in some fields. Because only one molluscicide is 
currently used for slug control in field corn in Indiana, we took advantage of 
this opportunity to evaluate the efficacy of several other pesticides in 
small-plot tests.
BIOLOGY
Most people are unfamiliar with the biology of slugs, probably because slugs are 
nocturnal. Often, the only indication of their presence is a shiny trail 
composed of thick, sticky secretions exuded from their bodies as they crawl. 
Although there are more than thirty species of slugs in North America, they can 
typically be described as green, gray, or gray-brown, slimy, legless, soft-bodied 
animals. They are closely related to snails, but they lack a hard shell. Some 
slugs have dark spots and all have two pairs of tentacles. The eyes are located 
on the tips of the upper pair of tentacles. They are usually 1/2 to 1-1/2 inches 
long, but can be up to 7 inches long.
Slugs feed by scraping plant tissue with a rasp-like structure, called a radula, 
in their mouths. They feed on many different types of plants. Slugs can be 
found during the day in dark, damp places such as under decaying boards, logs, or 
vegetation. Many species inhabit cavities and tunnels made by earthworms and 
other soil-inhabiting creatures. Slugs lay egg clusters in damp places from 
spring through fall, and the eggs usually hatch in approximately one month.
Slugs grow slowly and live from one to two years in temperate regions.
Slug damage to corn is similar in appearance to the damage caused by corn 
rootworm beetles or flea beetles. The slug removes surface tissue with its 
radula, leaving narrow, irregular, linear tracks or scars of various lengths.
This damage usually appears on leaves, but slugs will also feed on stem tissue. 
Severe feeding injury often results in split or tattered leaves and resembles 
hail damage. Even if the slugs are not visible, the mucous trail, the time of 
occurrence, and environmental conditions (weather, soil types, and tillage 
practices) are clues that can be used to pinpoint the cause of the damage.
Although slugs can be major pests in truck crops and greenhouses, they are only 
occasionally pests of corn. Untimely rains on poorly drained soils managed with
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conservation tillage practices probably contributed to the increased incidence of 
slugs in field crops in 1986.
Control measures for slugs have included cultural practices, poison baits and 
sprays, and irritants. Fermented liquids, such as beer or fruit juices, are 
highly attractive to slugs and have been used as a lure in baits and traps. Most 
control methods have been devised for use in greenhouses or gardens and are labor 
intensive. Practical options for rescue treatments in field crops are limited to 
poison baits and sprays. Calcium arsenate and metaldehyde baits have been used 
in the past with some success. Mesurol (Mobay Chemical Co.) is the only 
pesticide currently labeled (by special local need registration, Section 24(c) of 
FIFRA) for slug control in several states. If the slug gains importance as a 
corn pest, then additional management options will be needed.
METHODS AND MATERIALS
Two field tests were conducted in 1986 to evaluate selected insecticides/ 
molluscicides for control of slugs in field corn. Both tests were performed in 
fields where nearly 100 percent of the corn plants showed some degree of slug 
damage. One experiment was located on the Richard Deplante farm in Montgomery 
County in west-central Indiana in a cornfield that had been managed with ridge-till 
practices for more than ten years. The field had large amounts of crop residue 
between the rows, a typical characteristic of ridge-till systems, and had not been 
cultivated. Dyfonate 20G had been applied at planting (April 23).
A second experiment was located on the Ray Oberholtzer farm in Elkhart County in 
northern Indiana. This producer used conventional tillage methods, and the field 
was relatively free of weeds and surface residue. No soil insecticides had been 
used. The soil in this field can be characterized as poorly drained, and at the 
time slugs were present, low areas in the field were nearly saturated. In fact, 
at least one type of algae was growing on the soil surface. Some manure had been 
applied to this field during the spring, before primary tillage. The field had 
not been cultivated before our evaluation. Empirical observations suggested that 
the slugs that had infested the cornfield may have come from an adjacent hay 
field that was also heavily infested with slugs. The most severe damage occurred 
where these two fields shared a border.
Both experiments were arranged as randomized complete blocks with four replica­
tions. Individual treatments were 4 rows wide by 50 feet long. Liquid dilutions 
were broadcast in 30 gallons of finished spray per acre at 2 mph using TeeJet\ 
730308 nozzles on a 15-foot boom. A hand seeder was used to broadcast baits and 
granular formulations. Mesurol bait was prepared by mixing the equivalent of 4 
quarts of water, 1 pint of molasses, 12 ounces of beer, and .5 pound of active 
ingredient (lb ai) of either Mesurol 50% Hopper Box Treater (Elkhart County) or 
Mesurol 75WP (Montgomery County). This combination was thoroughly mixed with 100 
pounds of cracked corn and applied at a rate of 20 pounds per acre.
In addition to the Mesurol bait, other treatments included Asana 1.9EC (0.0375 lb 
ai/A), Pounce 3.2EC (0.15 lb ai/A), Pounce 1.5G (0.15 lb ai/A), Lorsban 4E (1.5 
lb ai/A), trimethacarb 50W (1.0 and 2.0 lb ai/A), Furadan 4F (1.5 lb ai/A),
Mesurol 75WP (0.75 lb ai/A; Elkhart County only), and an untreated control.
157
MONTGOMERY COUNTY TEST
Treatments at the Montgomery County experiment were applied on May 28. Pre­
treatment counts of slugs were made in full daylight just before treatment by 
examining two 1 ft/SSS2/ESS areas of residue on the soil surface between the rows 
in each plot. The number of slugs found in and under the surface residue was 
recorded. Also, one young, completely undamaged leaf on each of 20 different 
corn plants in each plot was marked with a hole punch. To estimate the phys­
iological effects of slug damage, we selected and marked with flags ten addi­
tional corn plants, representing a wide range of estimates of percentage of 
defoliation. The grain from these plants was harvested on October 7, dried for 
48 hours, and then weighed for yield estimates. The diameter of each of these 
ten stalks was measured at the internode immediately above the uppermost node of 
brace roots.
To evaluate the treatments, we counted slugs 36 hours after treatment by re­
cording the number of slugs on five randomly selected plants and on the soil 
surface near the base of these plants in each plot. We made these observations 
at dawn. Plants with leaf scars on previously marked, undamaged leaves were 
evaluated on June 6 (9 days after treatment).
ELKHART COUNTY TEST
Treatments at the Elkhart County location were applied on June 23. We did not make 
pretreatment slug counts because crop residue was absent and an evaluation of soil 
samples was not practical. We counted slugs at both 36 hours and 9 days after 
treatment by recording the number of slugs on the ground and on individual corn 
plants in 1/1,000 acre of row. Counts were made between 11:00 p.m. and 2:00 a.m. 
We also marked three undamaged corn leaves per plot as previously described, and 
assessed leaf damage 48 hours after treatment by noting the presence or absence of 
feeding scars.
RESULTS
The mean number of slugs before application at the Montgomery County site was 
11.38 per ft/SSS2/ESS. Although the numerical range of slug counts made before 
the treatments were applied at this site was large (5.13 to 17.65 per 
ft/SSS2/ESS), no significant differences (P > 0.10) occurred among areas where 
the treatments were to be applied.
At 36 hours after treatment the mean number of slugs was 1.32 per plant. 
Significantly fewer slugs were recorded in the plots treated with Mesurol bait 
and trimethacarb 50W (2.0 lb ai/A) than in the untreated control plots (Table 1). 
In terms of the number of slugs in the plots, the bait and wettable powder 
formulations were the most efficacious in reducing slug numbers, followed, in 
descending degree of efficacy, by the granular, emulsifiable concentrates, and 
liquid formulations.
The average number of slugs at the Elkhart County site was 2.5 per plant 36 hours 
after treatment. There were no statistical differences in numbers of slugs among 
any of the treatments at either 36 hours or 9 days after treatment. However, a 
numerical trend, similar to that found in the Montgomery County test, was 
evident. The bait, wettable powder, and granular formulations were superior in 
controlling slugs to the emusifiable concentrates and liquid formulations, with
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the exception of Pounce 3.2EC. As in the Montgomery County test, Mesurol bait 
provided the greatest reduction in slug numbers.
Approximately 99 percent of the plants at both sites had some damage caused by 
slugs before treatments were applied, and all plots sustained variable levels of 
leaf damage after treatment. Evaluation of the marked plants at the Montgomery 
County test 9 days after treatment indicated that, overall, 96.4 percent of the 
plants showed signs of additional slug injury. At the Elkhart County site, 78.4 
percent of the plants had been injured during the same time period. The lower 
percentage of plants damaged and the lack of treatment differences in the Elkhart 
County experiment may have been due to environmental conditions associated with 
the later treatment date. High temperatures and a reduction in soil moisture were 
probably detrimental to the slugs. Therefore, even though slug numbers were 
affected by the treatments, the value of the measure of plant protection used in 
these tests was low, which indicates that even a very effective treatment may not 
completely stop damage.
Evaluation of the effects of slug damage on corn stalk diameter and yield indi­
cated that substantial reductions in both diameter and yield can occur when the 
level of early season defoliation is high (Figure 1). Although conclusions are 
limited within the constraints of a small sample size, our results indicate that 
defoliation in excess of 40 to 60 percent could produce an economic yield loss.
CONCLUSIONS
Slugs are a poorly understood group of animals. Information about their dis­
tribution in field crops and the factors that regulate their numbers is lacking. 
Our analyses were based on the assumption that slugs behave like terrestrial 
arthropods. The inconsistencies in the sampling techniques between and within 
the tests reflected our attempt to devise practical sampling methods. Both tests 
represented natural infestations that had caused considerable damage before we 
were notified; therefore, we did not believe that the effects of our treatments 
would be reflected in yield differences. Instead, our goal was to determine the 
efficacy of several pesticides and application methods for reducing numbers of 
slugs and protecting leaf tissue.
These tests demonstrated that Mesurol cracked corn bait and trimethacarb 50 
percent wettable powder formulations were consistently effective in reducing slug 
populations in field corn. Formulation and application method may be just as 
important as the toxicant used for slug control. The slugs may have to ingest 
concentrated toxicant in particle form in order to obtain a lethal dose. Also, 
the mucous shed by the slugs may reduce their contact with toxic surfaces created 
by the application of sprays. These particular factors may explain the low level 
of activity of the emulsifiable concentrates and liquid sprays. This hypothesis 
requires further study. In retrospect, although there were some differences 
(Table 1), we did not apply sufficient Mesurol 75WP for realistic comparisons 
with the other treatments. The application rate of Mesurol 75WP probaly should 
have been 1.5 lb ai/A instead of 0.75 lb ai/A.
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Table 1. Mean Slug Counts 36 Hours after Treatment in Montgomery and Elkhart 
County, Indiana, Experiments, 1986
Treatment
Rate
(lb a. i . /A)
Mean number of slugs 
Montgomery County
ner nlanti
Elkhart County
Asana 1.9EC 0.0375 1.70 be 1.83 a
Furadan 4F 1.50 1.85 be 5.15 a
Lorsban 4E 1.50 1.85 be 3.58 a
Mesurol bait 0.10 0.00 a 0.00 a
Mesurol 75WP^ 0.75 • • • 2.83 a
Pounce 3.2EC 0.15 1.85 be 3.05 a
Pounce 1.5G 0.15 0.95 abc 2.33 a
Trimethacarb 50W 1.00 1.00 abc 2.30 a
Trimethacarb 50W 2.00 0.20 ab 1.15 a
Untreated 2.50 c 2.83 a
jMeans sharing a common letter are not significantly different (DNMRT; p > 0.05). 
Mesurol 75WP was not applied in Montgomery County.
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Update on Soybean Diseases
B.Jacobsen
Soybean diseases caused significant yield losses in Illinois in 1986. The high 
yields would have been significantly greater had soybean diseases not occurred. 
Important diseases in 1986 include Rhizoctonia seedling blight, Phomopsis seed rot 
and seedling blight, soybean cyst nematode, brown stem rot, charcoal rot, Sclero- 
tinia white mold, brown stem rot, charcoal rot, Septoria brown spot, powdery 
mildew, pod and stem blight, anthracnose, soybean mosaic virus, bud blight, and 
"sudden death syndrome." The incidence of damage caused by these diseases were 
dependent on the air and soil environment, fertility, seed quality, crop rotation, 
and varieties planted.
Seed Rot and Seedling Blight
Seed rot and seedling blight losses were greater than expected. These problems 
were minimized by seedsmen and producers who culled poor seed lots and used 
fungicide seed treatments where seed germination was poor due to fungal infec­
tions. Seed treatment manufacturers and sales representatives reported record 
soybean seed treatment fungicide sales in Illinois in 1985-86. Soybean seed 
treatment with fungicides is discussed in detail by H.W. Kirby in "Soybean 
Phytophthora Root Rot Management--Chemical or Cultural?"
Rhizoctonia Seedling Blight
Rhizoctonia seedling blight was especially prevalent in central Illinois in 1986. 
This is thought to be the result of marginal seed quality and seedling vigor 
combined with relatively dry seedbeds and soil compaction. These factors contri­
buted to increased herbicide injury. The weakened plants grew more slowly, and 
the Rhizoctonia fungus was able to cause more damage than usual.
Soybean Cyst Nematode
Soybean cyst nematode (SCN) damage was identified in many new fields and four new 
counties due to pronounced symptom development associated with dry soils in May, 
June, and August. Soybean cyst nematode damage was identified for the first time 
in Logan, Woodford, Will and DeKalb counties, bringing the total to 81 of 102 
Illinois counties with SCN. Failures of varieties resistant to SCN races 3 and 4 
continue to be identified. It is important to identify the SCN race or races in a 
field before planting resistant varieties. Also, most failures have been associ­
ated with continuous cropping to SCN-resistant varieties. A new maturity group 
III soybean resistant to races 3 and 4 of SCN was recently released to seedsmen.
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The variety, "Cartter," has a slightly higher yield potential than "Fayette." 
Soybean cyst nematode problems are more thoroughly discussed in the 1986 reference 
manual or in Report on Plant Diseases No. 501, "The Soybean Cyst Nematode Prob­
lem," available in county Extension offices or from Extension Plant Pathology, 
N-533 Turner Hall, 1102 South Goodwin Avenue, Urbana, IL 61801.
Phytophthora Root Rot
Phytophthora root rot was not as serious in 1986 as in previous years because of 
dry soils early in the season, which limited infection, and because of the use of 
multiple race-resistant or field-tolerant varieties treated with Apron.
Brown Stem Rot and Charcoal Rot
Brown stem rot and charcoal rot caused significant problems in the northern two- 
thirds and the southern half of Illinois, respectively. The brown-stem- 
rot-resistant variety, BSR 201, provided excellent control. In 1988, soybean 
producers will have access to a new brown-stem-rot-resistant variety, "Chamber­
lain," developed at the University of Illinois. This is a maturity group III 
variety with high yield potential. BSR 101 is a new maturity group I variety 
resistant to brown stem rot. It was developed at Iowa State University. Charcoal 
rot was severe in southern Illinois because of late planting, warm, dry soils in 
midsummer, and insufficient use of potash fertilizers.
Wet weather or heavy dews in August, September, and October favored the develop­
ment of Septoria brown spot, Phomopsis pod and stem blight, and anthracnose. The 
year 1986 was excellent for seed producers who invested in foliar fungicide 
applications, but low soybean prices made the investment marginal for grain 
producers. Pod tests at the R5 growth stage showed one of the highest potential 
seed infections by Phomopsis in recent years. This infection, coupled with 
delayed harvests throughout Illinois, may mean that seed quality could be a 
problem in 1987. Seedsmen and producers should closely check seed quality and be 
prepared to use seed treatment fungicides where necessary. Proper seed cleaning 
will remove most of the lightweight, heavily infected seeds and fungicide treat­
ment should improve germination of the remaining lightly infected seeds.
Sudden Death Syndrome
Soybean sudden death syndrome (SDS) was identified in many areas south of Highway 
136. Damage was severe in some areas of far southern Illinois, and scattered 
pockets of infection were seen elsewhere. Sudden death syndrome is a disease 
known to occur in Missouri, Arkansas, southern Indiana, Kentucky, and Tennessee. 
Damage was slight in these states in 1986. The cause of the disease is still 
unknown. Yield losses of up to 50 percent have been confirmed in individual 
fields. Generally the disease is observed as patches of plants rapidly die 
following flowering. However, entire fields can be affected.
Symptoms of SDS begin with yellow leaf spots or blotches between the veins. These 
spots expand and turn brown, leaving only green tissue around the veins. Leaf 
death usually starts at the top of the plant and works downward. The vascular 
tissue of the stem has a uniform reddish-brown discoloration, with the pith 
remaining white. Symptom development seems to be associated with high yield 
potential and cool weather at bloom and early pod set. Yield losses result from 
pod abortion and low test-weight seeds.
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Since the cause of SDS is unknown, we cannot recommend specific controls.
However, the problem is soil and weather-related. Also, the soybean cyst nematode 
(SCN) seems to have an important association since every field that has SDS also 
has a population of soybean cyst nematodes. At this time we recommend that 
soybean producers emphasize SCN control and utilize best management practices, 
such as maintaining adequate fertility, and using crop rotation.
It is important that SDS be placed in its proper perspective. This disease is 
potentially important, particularly where it has been severe in recent years. 
However, its overall impact on soybean production in Illinois is minor when 
compared with SCN, Septoria brown spot, pod and stem blight, charcoal rot, and 
several other diseases. At this time, researchers in Illinois and elsewhere are 
attempting to identify resistant varieties and to identify the causal agent. To 
date no resistance has been identified, although the disease appears to be most 
severe on a given maturity group at any given location. There producers may 
spread their risk by planting with several different maturity groups.
Diseases that Mock SDS
Several other diseases cause symptoms similar to SDS, and it is important to 
recognize the differences between these diseases and SDS.
Stem canker. Foliar symptoms similar to SDS occur with stem canker-affected 
plants. Although stem canker can appear prior to bloom, the major diagnostic key 
is the appearance of one or more tannish, sunken stem lesions with a purplish 
margin near a leaf node. This disease caused widespread damage throughout 
Illinois in 1986. It has been severe in the southern U.S. where several races or 
biotypes have been identified. At the time of this writing, race testing of 1986 
Illinois isolates is not complete.
Brown stem rot. This fungal disease is a problem on soybeans in the Midwest, and 
develops foliar and vascular discoloration symptoms similar to SDS. Symptoms 
usually do not develop until well after pod set. The diagnostic key to separate 
SDS and brown stem rot is that with brown stem rot the pith tissues are discolored 
and decayed, which does NOT occur with SDS. The brown stem rot discoloration is 
more brown than reddish-brown.
Fusarium blight or wilt. This fungal disease is often associated with more than 
one species of Fusarium. Symptoms can develop nearly anytime during the growing 
season and are often brought on by hot (>28C, 82F), dry conditions in soils where 
root growth and development are restricted. Foliar symptoms are often similar to 
SDS but may appear as a general yellowing of the entire leaf. The diagnostic key 
for separating this disease from SDS is that in SDS the major veins remain green 
while the interveinal leaf tissue turns yellow and then brown. Vascular discolor­
ation is brown to black. On severely affected plants the Fusarium fungus may 
sporulate at the base of the plant, producing a whitish-pink to orange-pink mass 
of spores.
Preliminary work in Arkansas indicated that when Fusarium oxysporum was coinocu­
lated with SCN, it created symptoms similar to SDS. In SDS-affected plants, 
species of Fusarium are commonly isolated. Some researchers thus feel that SDS 
may represent an interaction between Fusarium and SCN. At this time the relation­
ship is not clear, and the cause or causes of SDS remain unknown as of October
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1986. Researchers at Southern Illinois University have isolated a Xanthomonos sp. 
bacterium that they feel may be the causal agent of SDS.
Chloride toxicity. On certain soil types with susceptible cultivars, excessive 
potash fertilization may cause foliar symptoms similar to SDS. These symptoms 
usually occur during the vegetative stages of growth. The key is that symptoms of 
chloride toxicity occur prior to bloom and appear to be confined to soil types 
found in the southeastern United States.
Other diseases. Three other fungal diseases of soybean produce secondary symptoms 
similar to SDS. These are Cylindrocladium root rot, Neocosmospora stem rot, and 
Phytophthora root rot. Other symptoms associated with these diseases either are 
not typical of SDS or the complete symptoms for the syndrome differ significantly.
Other diseases present in 1986 at significant levels include soybean mosaic virus 
and tobacco ringspot virus (bud blight). Hilium 'bleeding' due to soybean mosaic 
virus infection, resulting in a brown or black discoloration, is a common defect 
in 1986 soybeans. The discoloration has no deleterious effect on soybean process­
ing quality and only means that the affected soybean was grown on a virus - infected 
plant. Only a small percentage (<1 to 2 percent) of these seeds will carry the 
virus and, if planted, produce a virus - infected plant.
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How Are We Controlling Black Cutworms in Illinois?
K. Kinney, D. Kuhlman, and E. Levine
It is no secret that management is a large part of farming. As corn prices con­
tinue to decline to price ranges reminiscent of the 1950s (Philo, Illinois, Grand 
Prairie Coop, October 16, 1986, Oct. corn: $1.27/bu ), farming decisions are 
increasingly dependent on economic conditions. Because of this, a producer needs 
timely information that he can use to help cut his production costs and that he 
can modify for his needs. In the end, those producers who make the best decisions 
for their situations are most likely to be the ones with a future in farming.
Researchers in Illinois are currently using black cutworm pheromone traps to cap­
ture moths as they are carried into the state by storm systems in March, April, 
and May. The trap captures are then combined with temperature recordings and 
black cutworm life-cycle information in an effort to predict when and where eco­
nomic cutworm damage is likely to occur. Fields with early weed growth, late 
planted fields, and fields on river bottom land in these regions are attractive 
sites for female moths to lay their eggs and are the most likely locations for 
economically damaging populations of cutworm larvae. In addition, warm, calm 
evenings provide ideal conditions for egg-laying, so moths lay large numbers of 
eggs when these conditions prevail. Once adults are captured in pheromone traps, 
degree-day accumulations are used to predict the length of time before larvae are 
large enough to begin leaf-feeding and cutting. For example, in 1986, entomolo­
gists predicted that larvae from moths caught after mid-April would begin causing 
damage about mid-May (approximately 30 days after adult trap capture). Although 
we are making significant strides in our efforts to predict the occurrence of eco­
nomically damaging populations of black cutworms in Illinois, unfortunately we 
must admit that our predictions, even though they are timely, are not always as 
reliable as we would like.
Because predicting the occurrence of black cutworm populations during any given 
year is not an exact science, producers are limited to selecting an alternative 
that seems to fit their situation. An average of 3 to 5 percent of the cornfields 
in Illinois have economically damaging black cutworm populations each year. In 
some years this percentage is much larger, as in 1978, when an estimated 1.5 mil­
lion acres of corn were rescue treated and in 1985 when an estimated 608,000 acres 
of corn were treated; however, historically these situations are unusual.
With this in mind, a producer must determine which cutworm management alternative 
is best suited for his situation. There are currently four control options avail­
able. The first three options involve the use of preventative insecticide treat­
ments: (1) preplant incorporated (PPI), (2) planting time, and (3) preemergence
(PE). The fourth option is to scout fields to determine if a rescue treatment is 
necessary. Again, farmers are likely to select one of the above options based on 
their situation.
Some questions producers may have when planning to select one of these management 
alternatives include: Can I expect cutworm control with a soil insecticide
165
applied at planting time? Can I tank-mix an insecticide with my preplant incor­
porated herbicides, and if so, at what depth must I place the insecticide in the 
soil to achieve cutworm control? How long can I expect control from a broadcast 
preemergence cutworm insecticide? Can I reduce my insecticide costs per acre by 
banding liquids at half of the broadcast rates as preemerge planting time treat­
ments, and if so, for how long can I expect control? If I scout my field and I 
need to treat for cutworms, which product will give the best control? Can I 
afford a preventative cutworm treatment? Can I afford to wait and see, and run 
the risk of not being able to treat when treatment is necessary? In short, there 
are many questions a producer must consider as he selects a black cutworm manage­
ment strategy.
Combined efforts to answer these questions and many others are currently underway 
at the University of Illinois and the Illinois State Natural History Survey. 
Entomologists frequently use barrier trials to evaluate insecticides for black 
cutworm control because tests involving natural infestations are difficult to 
establish with any regularity or certainty. However, there are limitations to 
conducting barrier trials. For instance, in most natural situations cutworms are 
already present in the field when PPI, planting time, or PE treatments are applied 
by the grower, and some level of control may be afforded by these treatments.
This situation is difficult, if not impossible, to simulate in barrier trials. In 
addition, confining cutworm larvae inside barriers is likely to create a more 
unrealistic level of damage than would be encountered under natural conditions. 
Despite these limitations, barrier trials can provide useful information about 
many aspects of black cutworm management. The following studies, conducted in 
1986, addressed some of the questions producers may have about how we are control­
ling cutworms in Illinois.
SPRING BARRIER TRIALS
We conducted two spring barrier studies at the University of Illinois Vegetable 
Crops Farm in Urbana, Illinois. In the first study (Table 1) we evaluated several 
registered and experimental liquid pyrethroid products and Lorsban 4E applied as 
PPI and PE treatments. Some PPI treatments were incorporated to a depth of 2 
inches with a harrow, and others were incorporated to a depth of 4 inches with a 
disk. All treatments were applied on 28 May, prior to planting. Liquids were 
broadcast on in 11 gallons per acre of finished spray from a tractor mounted boom 
powered by a compressed air system. Each treatment consisted of four corn rows 
(30-inch centers) 50 feet long and was replicated four times in a randomized com­
plete block design. A six-foot-square barrier with sides 5 inches in height was 
placed over the middle two rows of each plot by pounding the barrier into the soil 
to a depth of approximately 1 1/2 inches. Each barrier surrounded approximately 
17 plants. Five 3rd to 5th instar cutworm larvae were placed in each barrier on 8 
June, and an additional five 3rd to 5th instar larvae were introduced on 9 June. 
Cutworms used in this study were reared in the laboratory on corn seedlings 
(Levine et al. 1982).
The second study (Table 2) was designed to evaluate the performance of several 
registered and experimental rescue products. All liquids were broadcast on as 
previously described but were not incorporated. Cutworms were introduced into the 
plots and allowed to establish for at least 24 hours before rescue applications 
were made on 9 June.
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FALL BARRIER TRIALS
We also conducted two fall barrier studies at the University of Illinois Vegetable 
Crops Farm in Urbana, Illinois. The first fall study (Table 3) was designed to 
evaluate several registered and experimental planting-time treatments. Each 
treatment was applied to four rows of corn approximately 50 feet in length and was 
replicated four times in a randomized complete block design. Liquid treatments 
were applied PE in a 15-inch band over the row with nozzles mounted behind the 
firming wheels on a John Deere 7000 series 4-row planter and were not incor­
porated. All granular soil insecticides were applied in front of the firming 
wheels and were incorporated with spring tines mounted behind the planter units. 
The barrier plots that were planted on 29 August were identical in size and con­
struction to those planted in the spring, except that an average of only 13 plants 
per barrier were established. Five 3rd to 5th instar cutworm larvae were intro­
duced into each barrier on 9 September.
The second fall barrier study (Table 4) was also designed to evaluate several reg­
istered and experimental planting time treatments as well as Magnum 90, a seed 
treatment. All treatments were applied in a fashion similar to those described 
in the first fall study; however, this study differed from the first in that an 
additional three 3rd to 5th instar cutworm larvae were placed in these plots on 12 
September.
CONCLUSIONS
Our 1986 PE, PPI, and planting time barrier trials differed in design from other 
described methods (Keaster 1985 and Levine and Felsot 1985) primarily because we 
introduced cutworms several days post-treatment (spring study (Table 1)--11 and 12 
days post-treatment; fall study (Table 3)--11 days post-treatment; and fall study 
(Table 4)--11 and 14 days post-treatment) and because of the size and construction 
of our barriers. While this does not allow us to draw conclusions about what 
would have happened if cutworms had been present during these applications, it 
does allow us to draw some conclusions about the longevity of control for these 
types of treatments. In contrast, our rescue study (Table 2) in the spring pro­
vided a good comparison of treatments conducted under conditions similar to a 
natural infestation.
Most of the liquid PE and PPI treatments evaluated in our spring barrier study 
(Table 1) were ineffective in controlling cutworm larvae 16 days post-treatment 
and beyond. While some products provided some level of control when compared with 
the untreated checks, in general there was considerable variability with respect 
to any level of control in the treatments. This finding suggests that control is 
likely to be variable with these methods of application.
In contrast, many of the granular soil insecticides (PP 993 1.5G, Aastar 15G, 
Pounce 1.5G, CGA 12223 10G, and Lorsban 15G) evaluated in our fall barrier studies 
(Tables 3 and 4) provided acceptable levels of control two to three weeks after 
application. PP 993 1.5G at both rates provided excellent control of cutworm ac­
tivity during this two to three week period, while cutworm activity continued at 
some level in the plots treated with all the other granular insecticide treatments 
(SC 0567 10G, Baythroid .375G, Pydrin .5G, CGA 12223 20G, Dyfonate 20G (clay), 
Counter 15G, Furadan 15G, Lorsban 15G, and Dyfonate 20G) during this same period 
of time (Tables 3 and 4). In these same studies, Asana 1.9EC and Dyfonate 4.6MS 
applied in 15-inch bands as PE treatments controlled cutworms at least two weeks 
post-treatment. When additional cutworms were added 14 days post-treatment to 
barriers in one study (Table 4) in our fall trials, the liquid 15-inch band PE
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treatments (Pounce 3.2EC and Ambush 2E) did not provide effective control. These 
treatments seemed to have controlled cutworms before the second infestation was 
made.
In our spring rescue treatment study (Table 2) all treatments provided effective 
levels of control, although several treatments (Lorsban 4E, Pounce 3.2EC, CGA 1223 
4E and Ambush 2E) seemed to achieve this level of control somewhat faster than 
other treatments (Asana 1.9EC and Baythroid 2EC). In general, however, all treat­
ments produced significant levels of larval control when compared with at least 
one of the untreated checks.
In view of the results from this year's barrier studies, we believe that we can 
provide some constructive information that may assist producers when they are 
selecting their cutworm management strategy. First, if a producer believes that a 
planting time corn rootworm soil insecticide is the best alternative for his situ­
ation, our results suggest that this type of treatment may not provide acceptable 
control under heavy cutworm pressure. Although PP 993 1.5G provided excellent 
cutworm control, it is not yet registered for use in Illinois; and although Aastar 
15G (Table 3), CGA 12223 10G (also not registered), and Lorsban 15G (Table 4) per­
formed well in some of our tests, the other corn rootworm insecticides did not 
provide acceptable cutworm control. Second, if a producer believes that a plant­
ing time treatment other than a liquid is the best for his situation and his pri­
mary concern is not rootworms, then Pounce 1.5G may be effective if cutworms are 
present.
Third, our data (Tables 3 and 4) suggest that concentrating a broadcast rate in a 
15-inch band offered longer and more consistent control than did any of the PE and 
PPI treatments (Table 1). Since this method of application does not currently 
appear on the labels of registered products (Pounce 3.2 EC and Ambush 2E), we sug­
gest that manufacturers may want to further investigate these findings. If these 
findings are substantiated, producers may be provided with an added economic 
advantage from either superior product performance or per-acre cost reduction by 
halving broadcast rates in 15-inch bands.
Finally, if a producer prefers to cut costs and use the wait-and-see approach, and 
if he is willing to accept the risk of not being able to get into the field and 
treat when a treatment is necessary, then our studies suggest that Lorsban 4E, 
Pounce 3.2EC, and Ambush 2E should provide effective control. When selecting a 
cutworm control management alternative, a grower should keep in mind that in any 
given year only 3 to 5 percent of the fields in Illinois require treatment. In 
years when a larger number of fields require treatment because of heavy black cut­
worm infestations, planting time, PE, and PPI treatments may not provide effective 
control, and rescue treatments may still be required.
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Table 1. Black Cutworm Insecticide Evaluations, Spring Barrier Trials, 
Urbana, Illinois, 1986
Liquid preemergence 
and preplant 
incorporated 
treatment
Rate
lb a.i./A^
Application
method^
Mean number of plants cut
1 2days post-treatment-1-,
12 16 22 26 (total)
Asana 1.9EC 0.025 PE 0.00 2.75 3.00 3.25
Pydrin 2.4EC 0.1 PE 0.00 3.00 3.25 3.50
Pounce 3.2EC 0.15 PPI 4" 0.25 3.50 3.50 3.50
Check 1 , , , 0.00 3.75 3.75 3.75
Lorsban 4E 1.0 PPI 4" 0.25 3.00 3.75 3.75
Baythroid 2EC 0.025 PE 0.00 2.50 4.00 4.00
Baythroid 2EC 0.025 PPI 4" 0.00 3.25 4.00 4.00
Pounce 3.2EC 0.2 PPI 2" 0.00 4.00 4.50 4.50
Pydrin 2.4EC 0.1 PPI 2" 0.25 4.00 4.50 4.50
Lorsban 15G 1.0 7" band 0.75 4.75 4.75 4.75
Ambush 2E 0.1 PPI 4" 0.25 5.00 5.00 5.00
Lorsban 4E 1.0 PPI 2" 0.50 3.75 5.25 5.25
Check 2 0.75 4.25 5.25 5.25
Pounce 3.2EC 0.1 PPI 2" 1.00 4.75 5.25 5.25
Ambush 2E 0.1 PE 0.25 4.50 5.25 5.25
Pounce 3.2EC 0.2 PPI 4" 0.50 5.00 5.50 5.50
Asana 1.9EC 0.0375 PE 0.25 3.50 5.50 5.75
Baythroid 2EC 0.025 PPI 2" 0.50 4.50 5.50 6.00
Ambush 2E 0.1 PPI 2" 0.75 5.00 6.25 6.25
Pounce 3.2EC 0.1 PE 0.00 4.75 6.00 6.50
Pounce 3.2EC 0.1 PPI 4" 0.25 6.33 6.33 6.67
Pounce 3.2EC 0.15 PPI 2" 0.50 5.00 6.25 6.75
Lorsban 4E 0.75 PPI 2" 0.75 5.75 6.75 7.00
Lorsban 4E 1.5 PPI 4" 0.50 7.00 7.75 7.75
^Critical F-value for treatments was not significant for means included under the
total column. All columns represent cumulative total plants cut per barrier.
^Five 3rd to 5th instar black cutworm larvae were introduced into 6-feet square 
barriers covering two 30-inch center rows of corn (approximately 17 plants per 
barrier) 11 days post-treatment, and an additional five 3rd to 5th instar black 
cutworm larvae were introduced 12 days post-treatment.
^Rate for 40-inch row spacing.
^Preemerge treatments (PE) were broadcast on the soil surface and not incorpor­
ated; Preplant incorporated treatments (PPI) were incorporated in the soil to a 2- 
inch depth with a harrow or to a 4-inch depth with a disk.
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Table 2. Black Cutworm Insecticide Evaluations, Spring Barrier Trials, 
Urbana, Illinois, 1986
Liquid rescue 
treatment
Rate
lb a.i./A3
Application
method
Mean number of plants cut1 9days post-treatmentx,
2 4 10 14 (total)
Lorsban 4E 1.0 Broadcast 1.00 1.00 1.00 1 .00a
Pounce 3.2EC 0.1 Broadcast 1.25 1.25 1.25 1.25a
CGA 12223 4E 1.0 Broadcast 1.25 1.50 1.50 1.50a
CGA 12223 4E 0.66 Broadcast 1.50 1.50 1.50 1.50a
Ambush 2E 0.1 Broadcast 1.50 1.50 1.50 1.50a
Asana 1.9EC 0.025 Broadcast 1.50 1.75 2.00 2 .00a
Baythroid 2EC 0.025 Broadcast 2.50 2.50 2.50 2.50ab
Check 1 3.75 3.75 3.75 3.75bc
Check 2 2.75 3.50 4.50 4.50c
--------------------------------------------------------------------------------------
Means in a column followed by the same letter are not significantly different
(p = 0.1; DMRT). All columns represent cumulative total plants cut per barrier. 
^Five 3rd to 5th instar black cutworm larvae were introduced into 6-feet square 
barriers covering two 30-inch center rows of corn (approximately 17 plants per 
barrier) 2 days prior to treatment, and, an additional five 3rd to 5th instar 
black cutworm larvae were introduced one day prior to treatment.
3Rate for 40-inch row spacing.
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Table 3. Black Cutworm Insecticide Evaluations, Fall Barrier Trials, 
Urbana, Illinois, 1986
Liquid and 
granular 
bands at 
planting time
Rate
lb a .i./A^
Application 
method^,
Mean number 
days post 
12 15
of plants cut 1 9- treatment ,
20 27 (total)
PP 993 1.5G 0.1 7" band AI 0.75 1.00 1.00 1.00a
PP 993 1.5G 0.075 7" band AI 0.25 1.25 1.25 1.25a
Aastar 15G 1.0 7" band AI 0.25 0.75 1.25 1.50a
Asana 1.9EC 0.025 15" band PE 0.50 1.50 1.75 1.75a
Dyfonate 4.6MS 1.0 15" band PE 0.25 1.25 1.75 1.75a
Asana 1.9EC 0.0125 15" band PE 0.75 1.25 1.50 1.75a
Pounce 1.5G 0.1 7" band AI 0.00 1.75 1.75 1.75a
SC 0567 10G 1.0 7" band AI 0.25 1.25 1.75 2.OOab
Baythroid .375G 0.02 7" band AI 0.00 1.75 2.00 2.OOab
Pydrin .5G 0.1 7" band AI 0.50 1.75 2.25 2.25ab
Check 1 1.00 1.25 2.00 2.50ab
Dyfonate (clay) 1.0 7" band AI 0.67 2.00 2.67 2.6 7 ab
SC 0567 10G 0.5 7" band AI 0.50 1.75 2.25 2.75ab
Counter 15G 1.0 furrow AI 0.25 1.50 2.50 2.75ab
Furadan 15G 1.0 7" band AI 0.50 1.50 2.25 2.7 5 ab
Lorsban 15G 1.0 7" band AI 1.00 2.75 3.00 3.OOab
Dyfonate 20G 1.0 7" band AI 0.67 3.33 4.00 4.33 be
Check 2 0.33 3.00 5.00 5.33 c
---------------------
Means in a column followed by the same letter are not significantly different
(p = 0.1; DMRT). All colums represent cumulative total plants cut per barrier. 
^Five 3rd to 5th instar black cutworm larvae were introduced into 6-feet square 
barriers covering two 30-inch center rows of corn (approximately 12 plants per 
barrier) 11 days post-treatment.
^Rate for 40-inch row spacing.
^Liquid and granule rates delivered, respectively, in 15-inch and 7-inch bands or 
in furrow placements (granules).
-’Granular treatments were applied ahead of firming wheels (AI) or in furrow (fur­
row AI) and incorporated with spring tines; liquid bands were applied as preemer­
gence treatments (PE) with no incorporation.
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Table 4. Black Cutworm Insecticide Evaluations, Fall Barrier Trials, 
Urbana, Illinois, 1986
Liquid and 
granular 
bands at 
planting time
Rate
lb a.i./A^
Application 
method^,
Mean number of plants 
days post-treatment^-, 
12 15 20 27
cut2i
(total)
CGA 12223 10G 0.5 7" band AI 0.00 0.00 1.25 1.25
Lorsban 15G 1.0 7" band AI 0.00 0.50 1.25 1.25
Check 3 . . • 0.00 0.75 2.00 2.00
Check 1 • . • 0.00 1.00 2.00 2.00
Pounce 3.2EC 0.05 15" band PE 0.00 1.00 1.75 2.00
Pounce 3.2EC 0.1 15" band PE 0.50 1.25 1.50 2.00
Magnum 90 16 oz/cwt seed trt. 0.00 1.50 2.00 2.25
CGA 12223 20G 1.0 7" band AI 0.25 1.25 2.50 2.50
Check 2 • • . 0.25 2.25 2.75 2.75
Ambush 2 E 0.05 15" band PE 0.25 1.75 2.75 3.25
total column. All columns represent cumulative total plants cut per barrier. 
■^ Five 32d to 5th instar black cutworm larvae were introduced into 6-feet square 
barriers covering two 30-inch center rows of corn (approximately 13 plants per 
barrier) 11 days post-treatment and three additional 3rd to 5th instar black cut­
worm larvae were introduced 14 days post-treatment.
^Rate for 40-inch row spacing.
^Liquid and granule rates delivered, respectively, in 15-inch or 7-inch bands. 
^Granular treatments were applied ahead of firming wheels and incorporated with 
spring tines (AI); liquid bands were applied as preemergence treatments (PE) with 
no incorporation.
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Pesticide Poisonings — Recognition and Prevention
D. Morgan and F. Miller
Considering the magnitude of pesticide production and use and the numbers of per­
sons who work with pesticides, human poisonings by these substances are infre­
quent. Surveys in recent years have indicated that there are about 3,000 hospi­
tal admissions annually in the United States for pesticide poisonings, and about 
25 percent of these are occupation-related. Although there are undoubtedly many 
more pesticide-related illnesses and injuries that do not appear in hospital ad­
mission statistics, the magnitude of the pesticide hazard is still relatively 
small within the context of all agricultural work hazards and also within the 
context of all occupational health hazards to which our total work force is 
exposed.
Even so, there is every reason to strive for minimum risk of illness and injury 
from pesticides. The technology of formulation, packaging, and application pres­
ently available should make it almost possible to eliminate pesticide poisonings. 
Because the first step in controlling a hazard is recognizing its origins, the 
circumstances surrounding pesticide poisonings in Iowa (and some outside Iowa) 
have been examined and recorded over the past 15 years. Virtually all adverse 
occurrences have been the result of bad judgment, haste, carelessness, failure to 
appreciate the seriousness of hazards, or combinations of these factors. Very 
few adverse health effects have occurred in the course of handling pesticides 
according to instructions. Case histories of poisonings and skin sensitization, 
will be presented to illustrate circumstances conducive to poisoning.
* Breathing dust containing fine granular material permeated with corn rootworm 
insecticide.
* Breathing smoke from burning bags that contained corn rootworm insecticide.
* Children eating a few spilled corn rootworm insecticide granules.
* Wearing clothing previously soaked with an insecticide solution.
* Repeated dermal contact with a sensitizing herbicide.
* Breathing of phosphine and methylbromide fumigant gases.
PESTICIDE RELATED POISONING CASES IN ILLINOIS, 1980-1985
Concern over pesticide use in urban and agricultural communities is ever increas­
ing. A major component of this concern is the effect pesticides have on immedi­
ate and long-term human health. Many of these health effects center around the 
problem of accidental poisonings of young children and adults. A vast majority 
of these poisoning cases involve children younger than six years old. Such cases 
are rarely fatal, but there is cause for concern, especially for the parents. The 
children involved usually suffer some discomfort.
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Pesticide-related poisoning exposures from 1980 through 1985 are discussed. The 
data presented in this report were obtained from Poison Resource Centers located 
in Peoria, Springfield, and Chicago, Illinois.
PESTICIDES AS A SOURCE OF HAZARD
All poison-exposure calls are categorized into major substance classes in Table 
1. Pesticide-related calls averaged only 3.9 percent of all the poison center 
calls received during the six-year period. Medicines constituted the highest 
number of calls (41.5 percent), followed by domestic cleaners (12.3 percent), 
plants (8 percent), and cosmetics (7.8 percent). Percentages were relatively 
constant within the major substance classes during the six-year period.
MAJOR PESTICIDE GROUPS INVOLVED IN POISON-EXPOSURE CASES
Pesticide exposure-related calls are categorized into major selected groups in 
Table 2. The six-year average reveals that rodenticides accounted for 27.2 
percent of all calls and ant-roach sprays accounted for 26.1 percent of all 
calls. Combined, these two product groups made up 53.3 percent of all pesticide 
poison calls. These product groups were followed in importance by agricultural 
herbicides (9.9 percent), agricultural insecticides (8 percent), yard and garden 
insect control products (6 percent), fly control products (3.7 percent), chlor- 
dane (2.9 percent), flea control products (2.5 percent), home weed control sprays 
(1.7 percent), and head lice medications (1 percent).
Age groups experiencing poisoning by these major pesticide groups varied quite 
dramatically. Of all the poison-exposure calls involving rodenticides, 91.7 
percent involved children under the age of six. Of all the calls regarding ant 
and roach control products, 77.9 percent also involved children under the age of 
six. In contrast, poisonings by agricultural herbicides and agricultural insec­
ticides were only 28.8 percent and 8.4 percent, respectively, of the calls 
received for children under the age of six.
CAUSES AND MEANS OF PESTICIDE EXPOSURES
Approximately 65 percent of all pesticide poisoning cases involved children under 
the age of six (Table 3). Of these children, an average of 84 percent were 
exposed orally, primarily by ingestion. Reports of dermal, inhalation, and eye 
exposure averaged 16 percent over the six-year period.
Adults (21 and older) constituted 29.4 percent of the pesticide poisoning calls 
from 1980 through 1985 (Table 4). Of these calls, 79.6 percent were exposed via 
the skin, eyes, and respiratory tract. Only 20.4 percent were exposed orally. 
Work-related exposures were 8.4 percent of the calls, while accident-related 
exposures accounted for 91.6 percent.
FATAL PESTICIDE-RELATED ACCIDENTS IN ILLINOIS
Five pesticide-related deaths were reported for the six-year period from 1980 
through 1985. Of these deaths, one involved an infant, three involved an adult 
and one was unknown. Pentachlorophenol (wood preservative) was responsible for 
the infant's death. Paraquat, sodium cynanide, and sodium fluoride roach powder 
were repsonsible for the three adult deaths. All three adult fatalities were 
caused by oral exposure.
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PREVENTION OF PESTICIDE POISONING OF YOUNG CHILDREN
It is clear from these data that children are quite vulnerable to oral exposure 
and must be protected. In order to minimize children's oral and dermal exposure 
to rodenticides, these products should be used cautiously and according to label 
directions. Baits should be stored or placed where children cannot reach them. 
During the period from 1980 through 1985, 328 children were exposed to or poi­
soned by rodenticides and 266 children were exposed to or poisoned by ant and 
roach sprays. Aerosol and liquid sprays should be used sparingly and only when 
necessary. Children should be kept out of treated areas until the material has 
thoroughly dried on the surface to which it was applied. Allowing children to 
come into contact with surfaces wet with pesticides will result in needless der­
mal and oral exposure. All pesticides should be stored in a clearly marked, 
locked cabinet or storage area inaccessible to children. Never store pesticides 
in food or drink containers! Finally, dispose of all empty containers properly. 
Triple rinse all pesticide containers and dispose of them in a sanitary landfill. 
Household aerosol and liquid spray containers should be wrapped in heavy paper 
and disposed of with the regular garbage. Recycling of pesticide containers may 
be possible in some cases.
PREVENTION OF PESTICIDE POISONING OF ADULTS
Prevention of pesticide poisoning of adults primarily involves common sense. 
Dermal exposure is the most common and subtle route of pesticide poisoning.
After using pesticides, you should wash your hands thoroughly before eating, 
using the restroom, or smoking. Never blow through a clogged nozzle with your 
mouth. If chemical is spilled on your clothing, remove those articles immedi­
ately and wash the affected area quickly with soap and water. In order to pre­
vent possible damage to the eyes, always wear goggles during the mixing and load­
ing process. Wear rubber aprons, gloves, and boots when mixing and loading and 
during application. Remember, certain areas of the body will absorb pesticides 
more quickly than others. Additional protective equipment may be needed depend­
ing on the chemical being used. Always be sure to read and follow the label 
directions.
Table 1. Pesticide-related Calls by Major Substance Classes, 1980-1985
___________________Percentage of total calls__________________
Substance_________1980 1981 1982 1983 1984 1985 6-vr. av.
Medicines 39..9 42.,8 38.,4 42.,8 39..7 43,.0 41..5
Cleaners 15..0 13,,8 10.7 12.9 11.4 12.9 12.3
Plants 9,.2 8 ,.4 10.,6 7,,7 7..7 7 ,9 8 ,.0
Cosmetics 7..0 8.3 9..3 8 .0 7..1 8 .6 7,,8
Pesticides 4,.2 3..1 2 .8 4,,1 4,.0 3,.9 3..9
Other 24,.7 23..6 28..2 24..5 30..1 23,.7 25..8
Note: Includes data from all three state designated Poison Resource Centers.
175
Table 2. Pesticide-related Calls by Major Substances, 1980-1985
Substance^-
Percent of total calls
1980 1981 1982 1983 1984 1985 6-vr. av.
Rodenticides 29. 8 31.,7 28..7 19.,4 27..7 26..1 27. 2
Ant-roach Products 29. 8 24.,1 28.,2 23.,9 29.,9 20.,5 26.,1
Agr. herb ic ides 6 .1 11.,7 11.,6 11.,4 9.,2 9.,4 9.,9
Agr. insecticides 6 .,1 5.,5 13.,3 7.,8 7.,0 8 .,1 8 .0
Yard-garden products 5.,2 5..5 5,,0 6 .9 6 ,.7 6 ,8 6 .0
Fly control products 1 .,8 4,.8 0 .5 4,,7 3,.8 6 .4 3,.7
Flea control products 0 .,9 3,.4 1 ,.1 1 ,.9 2 ,.2 5..7 2 ,.5
Home weed sprays 2 .,6 0 ,.7 2 ,.2 2 ,.2 1 ,.9 0 .,7 1 ,.7
Chlordane 4,.4 2 ,.8 0 ,.5 6 ,.1 2 .9 1 ,.0 2 ,.9
Head lice medicine 2 .6 2 ,.8 0 ,.6 0 ,.0 0 .0 0 ,.0 1 ,.0
Other 10,.7 7 .0 8 ,.3 15 .7 8 .7 15,.3 10 .5
Note: Data obtained from the 
Illinois.
^Includes repellents, foggers, 
and aerosol sprays.
North and Central 
baits, shampoos,
Poison 
dusts,
Resource Center, Peoria, 
insect growth regulators,
Table 3. Causes and Means of Pesticide -related Exposures in Children, 1980-1985
Percent of total calls
Category 1980 1981 1982 1983 1984 1985 6-Yr. Av.
Total children 71.1 75.2 78.5 62.5 73.6 70.3 70.6
Age 5 and under 66.7 71.0 71.3 54.7 66.2 60.8 65.1
Oral exposure 91.3 82.6 76.8 82.7 89.6 81.2 84.0
Skin, eye, inhal. 8.7 17.4 23.2 17.3 10.4 18.8 16.0
Accidents 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Note: Data obtained 
Illinois.
from the North and Central Poison Resource Center, Peoria,
Table 4. Causes and Means of Pesticide-related Exposures in Adults, 1980-1985
Percent of total calls
Category 1980 1981 1982 1983 1984 1985 6-Yr. Av.
Total adults 28.9 24.8 21.5 37.5 26.4 29.7 29.4
Oral exposure 39.4 5.6 10.3 13.3 31.3 22.7 20.4
Skin, eye, inhal. 60.6 94.4 89.7 86.7 68.7 77.3 79.6
Work 33.3 0.0 0.0 8.9 7.2 1.1 8.4
Accident 66.7 100.0 100.0 91.1 92.8 98.9 91.6
Note: Data obtained from the North and Central Poison Resource Center, Peoria,
Illinois.
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Soybean Phytophthora Root Rot Management-
Chemical or Cultural?
W. Kirby
Phytophthora root and stem rot, caused by the fungus Phytophthora megasperma, is 
one of the most serious soybean diseases in Illinois. Infected plants do not 
recover and yield losses may be extensive if susceptible varieties are planted or 
if weather conditions favor the disease.
As Phytophthora root rot became a major disease problem in the Midwest, plant 
breeders developed new varieties containing genes for resistance to the common 
races of this fungus. However, this approach also caused selection pressures on 
the fungus for development of new races to overcome the genes for resistance. 
Eventually, even the multi-race-resistant varieties appear to become "susceptible" 
to these new races. With new fungus races appearing yearly, there was continuous 
need for new resistant varieties and for other methods of management.
Plant breeders then began developing "tolerant" soybeans for Phytophthora areas. 
These varieties contain several genes which confer broad resistance against all 
races, but which DO NOT provide any protection against seedling infections. They 
are more correctly labeled field resistant, because they are susceptible if inocu­
lated directly in a greenhouse but are resistant under field conditions.
We need additional management strategies besides the use of resistant varieties, 
including additional cultural and chemical management methods.
Cultural management strategies are based on a knowledge of the fungus and its pre­
ferred environment. Both Phytophthora and a related fungus, Pythium, are known as 
"water molds" because they thrive in wet environments. These fungi release swim­
ming spores called zoospores that move toward plant roots by following "chemical 
trails" of materials released by the roots. Under saturated soil conditions, zoo­
spores can be released in a very short time period. However, if cultural prac­
tices such as tiling, ditching, or ridge planting are used in wet fields, stresses 
on plant roots may be reduced and the favorable environment for these fungi 
changed. The use of tillage operations to break hardpans or compacted areas is 
also helpful to increase water infiltration, which may help limit zoospore spread.
Additionally, Phytophthora root rot tends to be more severe when cool weather 
occurs at or shortly after planting. Soil temperatures of 55-60°F at planting, 
although favorable for soybean germination, may also favor development of these 
root diseases. Delaying planting until soils are 60 degrees at the 4-inch depth 
may reduce the impact of these diseases in some areas, especially where there is a 
history of stand establishment problems. Growers should be cautious when planting 
into no-till fields or where conservation tillage has left heavy residues.
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Research has shown that these fields tend to warm and dry out more slowly in the 
spring because of the insulating effects of the residues and can provide a favor­
able habitat for Phytophthora and Pythium.
Crop rotation has NOT been shown to be an effective method of managing soilborne 
pathogens such as Pythium and Phytophthora. These organisms have the ability to 
survive long periods without a host plant because of the production of thick- 
walled spores (oospores), which are highly resistant to adverse conditions. Crop 
rotation is useful because these pathogens will not build-up as rapidly with rota­
tion as with continuous soybeans, a factor of importance in years that favor 
these diseases.
A final method of management is the use of chemical treatments, applied to the 
seed or soil. The selective fungicide metalaxyl, sold as Apron FL or Apron 25WP 
seed treatment fungicide, or as Ridomil 5G or Ridomil 2E soil fungicide, has been 
shown to be an effective method of managing losses from Phytophthora. As a seed 
treatment, metalaxyl provides excellent protection against early season stand 
losses from both Pythium and Phytophthora and provides a type of "crop insurance" 
against the need for replanting if conditions do not favor rapid germination and 
emergence. Apron has been shown to be most effective when used with Phytophthora- 
tolerant varieties of soybeans.
Ridomil is usually applied for "full season" protection. It can be applied in­
furrow, as a band, or broadcast, depending on the equipment available. In-furrow 
appears to be the most economical. Ridomil will provide protection against Pyth­
ium and Phytophthora and can provide soybean growers with the option to plant cer­
tain varieties that may not have high levels of resistance, but that will perform 
with the addition of a soil fungicide.
For best managing Phytophthora root rot, growers should adopt an integrated ap­
proach to disease control and combine the use of a resistant or tolerant variety 
with additional cultural and chemical controls. The importance of this cannot be 
underestimated because dependence on a single method may leave the crop unpro­
tected and can result in severe yield losses.
178
Optimizing Herbicide Performance
D. Pike
Over the past few years, complaints have surfaced regarding the performance of 
preplant-incorporated herbicides. A review of how we currently use these herbi­
cides and the factors that affect their performance may be helpful in understand­
ing occasional inconsistent weed control. Usually lack-of-performance complaints 
can be traced to a few basic principles that may have been overlooked in our 
efforts to cut weed control costs.
The effectiveness of a herbicide is related to factors such as soil tilth, 
available moisture, crop residue, and temperature. Although not all conditions 
can be controlled, some elements, such as depth of incorporation, time of applica­
tion, and application method, can be manipulated to optimize the performance of 
preplant-incorporated herbicides. This is especially important when less than 
ideal conditions exist.
A primary factor in obtaining reliable preplant-incorporated weed control is 
thorough incorporation. A recent survey (1985 Illinois Pesticide Use Survey) 
suggests that one cost-cutting measure implemented by farmers was to reduce the 
number of incorporation passes used. Wherever the number of incorporation passes 
is reduced, the distribution of herbicides in the soil will be more irregular, and 
weed control will be less consistent. The wisdom of reducing tillage in this way 
is determined by the resulting weed control.
Wet or cloddy soils are perhaps the greatest indicator that single-pass incorpora­
tion will be insufficient. Clods have a low amount of surface area relative to 
soil with good tilth. Hence, herbicides applied to clods will not be evenly 
distributed. In cloddy soils two-pass incorporation is essential.
Although some products are better adapted to single-pass incorporation than 
others, many products are now being marketed for applications at which they will 
not perform as well as we expect. Treflan, Sonalan, Sutan/Genate, and Eradicane 
have proven performance records with two-pass incorporation. If we change the way 
they are incorporated, we may also find it necessary to change our expectations of 
their performance. If we reduce the number of incorporation passes, we should be 
prepared to use the highest labeled rate for the product to offset poor distribu­
tion. On the other hand, this may result in increased incidences of herbicide 
injury in areas of soil with high herbicide concentration.
Very cool soils can inhibit the action of herbicides such as Sutan or Genate, 
resulting in loss of control of some weeds. Eradicane, which is somewhat more 
mobile in cool soils, can often be used ahead of corn with more consistent
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results. Eradicane is a satisfactory substitute for Sutan or Genate, except in 
fields with a serious nutsedge problem. Very wet soil conditions may cause other 
herbicides such as the dinitroaniline herbicides (Treflan, Sonalan, Prowl) to 
degrade faster than normal, resulting in insufficient late-season weed control. 
Before applying a herbicide to very wet soil, consider the cost trade-offs: 
delaying the application until soil dries verses delaying the planting.
Sutan or Genate and Eradicane performance problems have also been reported in 
certain fields where these pesticides have been used repeatedly. This phenomenon, 
known as enhanced biodegradation, results in the failure of the herbicide to 
control weeds throughout the season. The lack of adequate control, even at the 
highest label rate, is a result of accelerated microbial breakdown of the herbi­
cide. Fields with a history of repeated use of Eradicane, Sutan/Genate, 
Vernam/Reward, or the insecticide Furadan are most susceptible, because the 
buildup of the microbial population is responsible for breakdown. The problem can 
be reduced or prevented by using the lowest effective rates of these pesticides 
and by occasionally rotating to other herbicides.
Many problems with weed control have been traced to incorporation that is too 
shallow or to the deep incorporation of a light rate of the herbicide. To be most 
effective, herbicides should be placed in the zone of the germinating weed 
seedlings. With some herbicides, shallow incorporation can result in weed 
seedlings germinating below the herbicide layer and then passing through it 
without injury. Shallow incorporation is most effective for herbicides intended 
for the control of grassy weeds and small-seeded broadleaf weeds that germinate 
near the soil surface. To control large-seeded weeds, the herbicide must be 
incorporated deeper because these seedlings can emerge from lower depths. 
Therefore, the herbicide must be applied at higher rates so that a sufficient 
concentration exists in the soil to control the new seedlings.
Many applicators are mixing their preplant-incorporated herbicides with dry 
fertilizer. This has caused some problems where the application truck has not 
been calibrated accurately enough for herbicide application. Only in very few 
cases will less than double application (cross-overlap) be sufficient for even 
distribution of a herbicide bulk-mixed with a dry fertilizer. Extra care should 
be exercised to calibrate equipment making such an application to prevent crop 
inj ury.
The time from application to incorporation is also an important consideration to 
anyone who plans to maximize weed control with minimum cost. Delaying application 
of volatile herbicides such as Treflan, Sonalan, Eradicane, or Sutan/Genate for 
just a few hours could mean the loss of as much as 30 percent of the herbicide. 
This is particularly true on sunny and windy days. To ensure that the maximum 
amount of herbicide is placed where it will do the most good, incorporation soon 
after or during application is recommended.
All management decisions have their trade-offs. When deciding whether a specific 
herbicide has performed satisfactorily, it must be measured not only against its 
direct cost but also against the method with which it was managed. Improving 
application methods and management techniques may be the key to bringing herbicide 
performance in line with out expectations.
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Putting the Pieces Together — Prescription Tank Mixes
J. Cantwell
Weed management in the 1987 soybean crop will require accurate prediction of the 
lowest cost herbicide program that will provide sufficient weed control on an indi­
vidual field basis. The severe depression in crop prices will not allow luxury in 
weed control. Luxury weed control usually occurs when a blanket herbicide program 
is used or recommended for all fields on a farm, or worse for an entire a service 
area, without considering exactly what weed species are present and the relative 
population of each. In a blanket program herbicides may be included that aren't 
needed, or the rate of one or more the herbicides may be excessive. The worst 
scenario possible would be the use of an expensive weed control program that com­
pletely misses a target species within a field and requires costly rescue opera­
tions as a consequence.
Identification of weeds present in an individual field is the only way one can ac­
curately design a herbicide program that will provide adequate control at the least 
cost. The easiest way to accomplish this is to scout individual fields in the late 
summer. Many weeds difficult to identify in the seedling stage are easily identi­
fied when bearing flowers or seed heads. Identify escape weeds, determine the 
relative population of each species, and keep records of your observations. The 
relative population of each weed species is important, because weeds vary in their 
competitive ability. Cocklebur is much more competitive than annual grasses. Pub­
lications are available at the county Cooperative Extension office to help in the 
determination of economic thresholds for individual weed species. With this infor­
mation, one can plan weed control strategy before a field's return to soybean 
production.
Regardless of whether a grower opts to use soil-applied or postemergence herbi­
cides, control options should be made long before soybeans reach the planter box. 
The need to plan ahead for soil-applied herbicide use is obvious. However the need 
to plan ahead of planting time for postemergence herbicides is often overlooked.
The timeliness of a postemergence application usually mandates its degree of suc­
cess or failure, because virtually all the available postemergence broadleaf herbi­
cides work best early. Therefore, the grower should be solely concerned with when 
to spray; what to spray should be thought out far in advance of weed emergence. By 
using records of weed infestations in each field, one can research thoroughly the 
cost versus the effectiveness of available postemergence herbicides during time 
periods outside of the growing season.
Recording the planting dates of each field can be an aid in making timely post­
emergence applications. The critical period to spray postemergence broadleaf 
materials is very often 21 days after planting. If postemergence weed control 
options are thought out in advance of weed emergence, a grower may scout fields to 
confirm previous observations and be ready to spray the most cost- and weed-control 
efficient product(s) when the weeds are most susceptible.
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When selecting herbicides for a weed control program, exploit individual strengths 
of each chemical and compensate for weaknesses. The chart below outlines the 
strengths and weaknesses of some popular soybean herbicides. Weeds listed immedi­
ately following a chemical's name are easily controlled by that compound, and some­
thing less than full labeled rate will provide adequate control. Weeds at the end 
of the list are only marginally controlled, and full labeled rates will seldom pro­
vide adequate control of these species. Therefore, when tailoring a weed control 
program, exploiting the strengths of more than one herbicide will be more cost- and 
weed-control efficient than using the maximum label rate of a single compound that 
doesn't adequately control the weed spectrum of a particular field. Don't overlook 
the combined use of soil applied and postemergence products, especially if common 
lambsquarters is a problem. Local dealers will be the best source of price 
information.
Susceptibility of Common Weeds to Soil-Applied Soybean Herbicides 
(in descending order of susceptibility)
Treflan giant foxtail>fall panicum>shattercane. Both aid in control of 
or Prowl: pigweed and lambsquarters.
Lasso giant foxtail>fall panicum>yellow nutsedge>nightshade. Both aid in
or Dual: control of pigweed and lambsquarters.
Command: velvetleaf>giant foxtail>fall panicum>smartweed>jimsonweed.
Scepter: pigweed>cocklebur>giant ragweed>j imsonweed>lambsquarters>morningglory
>velvetleaf. May aid in control of giant foxtail.
Sencor/ pigweed>lambsquarters>smartweed>velvetleaf>j imsonweed>cocklebur. May 
Lexone: aid in control of giant foxtail.
Susceptibility of Common Broadleaf Weeds to Postemergence Soybean Herbicides
(in descending order of susceptibility)
Basagran: smartweed>j imsonweed>cocklebur>velvetleaf>morningglory>nightshade>
pigweed.
Blazer: smartweed>j imsonweed>nightshade>pigweed>morningglory>velvetleaf>
cocklebur.
Scepter: pigweed>cocklebur>morningglory.
Classic: smartweed>cocklebur>pigweed>j imsonweed>nightshade>morningglory>
velvetleaf.
Susceptibility of Common Grass Weeds to Postemergence Soybean Herbicides 
(in descending order of susceptibility)
Poast: giant foxtail>fall panicum>volunteer corn>shattercane>johnsongrass.
Fusilade: volunteer corn>shattercane>johnsongrass>giant foxtail>fall panicum.
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Obtaining Uniform Spray Patterns 
from Several Types of Nozzles
S. Pearson and C. Fry
INTRODUCTION
Applying pesticides uniformly on a target is the goal of every pesticide appli­
cator. One of the parameters that affects spray uniformity is the nozzle pattern. 
Each nozzle type gives a distinctive pattern, but the pattern can change dramati­
cally with changing pressure orientation, height, and spacing. All of the nozzle 
types used for broadcast application have a range of spray overlap that results in 
an acceptable distribution pattern.
EQUIPMENT AND PROCEDURE
Laboratory studies were conducted to analyze spray patterns from nozzles used for 
soil-applied chemicals. Individual nozzle patterns were collected on an 8 foot by 
8 foot spray table patternator.
Three nozzle types were selected to represent nozzles commonly used when applying 
pesticides on incorporation tools: a no. 5 flooding fan, a no. 4 swirl chamber 
hollow cone, and a no. 10 wide-angle full-cone nozzle. Each nozzle was placed on 
the spray table, and the spray pattern was collected at various combinations of 
pressure, orientation, and height. Nozzle orientations of 0°, 15°, 30°, and 45° 
of tilt were tested. A 0-degree orientation means that the primary direction of 
the spray from the nozzle is perpendicular to the table surface. Nozzle heights 
of 6 , 10, 14, and 18 inches were evaluated. These heights were measured from the 
nozzle tip to the spray table surface. Spray pressures selected were 10, 20, 30, 
and 40 pounds per square inch (psi). The three by four factorial resulted in 64 
patterns collected from each nozzle type.
Each pattern collected on the spray table was measured, and a picture was taken of 
each. The data was transferred to an IBM PC computer program for analysis. The 
program analyzes the single-nozzle pattern and calculates various statistical 
information and graphic summaries for a range of nozzle spacings.
RESULTS
The optimum percentage of overlap of a nozzle spray pattern is the amount two 
adjacent nozzle patterns overlap to give the most uniform distribution. This uni­
form distribution is signified by a statistical measure known as coefficient of 
variation (CV). The CV is a relative measure of the high and low areas in the 
distribution pattern from a series of nozzles mounted along a spray boom. The 
lower the CV value, the more uniform the distribution. As a rule of thumb, a CV 
of 15 percent or less is considered to be an acceptable distribution pattern.
The flood nozzle is the most commonly used nozzle type in the Midwest for applying 
herbicides on incorporation kits. The spray pattern from the flood nozzle charac­
teristically has heavy streaks near the outer edges of the pattern. The width
183
of the pattern changes dramatically when the pressure is increased or decreased. 
Flood nozzles produce large droplets at low pressures and small droplets when the 
pressure increases above 40 psi.
Due to nonsymmetrical, uneven patterns from flood nozzles, it is difficult to 
achieve a uniform pattern. From the data collected (Table 1), guidelines were 
determined to achieve a uniform distribution pattern. Nozzle height does not 
effect pattern uniformity if the flood nozzle is tilted at least 15° and a minimum 
pressure of 20 psi is maintained. Also, the nozzle spacing can be varied as long 
as 100 percent overlap is achieved. Table 1 also shows 200 percent producing uni­
form patterns, but this would require very narrow nozzle spacings, which would be 
impractical for many applications.
The flooding nozzle is a very versatile nozzle and can be used in many situations. 
Figure 1 shows that regardless of the nozzle orientation, the flood nozzle will 
provide acceptable distribution when the overlap is between 60 and 130 percent. 
This wide range provides for pattern fluctuations due to pressure changes, wind 
effects, and other pattern changes. In summary, flooding nozzles can be used at a 
variety of heights and nozzle spacings as long as the percent overlap is near 100 
percent.
The swirl chamber is a wide-angle, hollow-cone nozzle. It generates small drop­
lets so, pressure must be maintained below 25 psi for drift control with soil 
applied pesticides. Uniform distribution is difficult to achieve from nozzles 
having hollow-cone spray patterns. Hollow-cone nozzles used for broadcasting her­
bicides require some degree of nozzle orientation to obtain an even distribution 
pattern. Table 2 indicates that even when the nozzle is oriented at an angle, it 
is still difficult to achieve an acceptable distribution pattern.
The difficulty in obtaining a uniform distribution pattern with a hollow-cone 
nozzle is further illustrated in Figure 2. As shown, regardless of the degrees of 
orientation placed on the nozzle, it still requires well over 100 percent overlap 
to achieve a coefficient of variation less than 15 percent. A uniform distribu­
tion can be achieved if the nozzle orientation is 30° or greater. This occurs 
with 30 to 50 percent overlap. In summary, when using a swirlchamber nozzle for 
soil-applied herbicides, an angle of 30° with 30 to 50 percent overlap is the most 
practical. However, the margin of uniformity is much less than with some of the 
other nozzles.
The spray shape from a wide-angle solid cone appears similar to the hollow cone. 
The major difference is that the center of the pattern is filled with spray. This 
solid pattern has several advantages. First, at 0° degrees orientation the pat­
tern is relatively uniform, and this particular nozzle generates large droplets 
that control drift at higher pressures.
Table 3 shows that approximately 50 percent overlap and pressure of at least 20 
psi distribution is acceptable. Good patterns are also achieved at 200 percent 
but spacings required would be impractical in many applications. Figure 3 also 
shows very uniform distributions at 30 to 60 percent overlap. However, the more 
degrees of tilt of the nozzle, the easier it is to achieve uniform application 
over a range of overlaps. For example, at a 30° orientation, acceptable patterns 
were obtained at any overlap greater than 50 percent. This means that a wider 
range of overlaps can be used at greater orientation. In summary, when using a 
full-cone nozzle, maintain pressures above 20 psi and overlaps of 30 to 50 
percent.
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Table 1. Coefficient of Variation for Flooding Fan Nozzles
Pressure, 
pounds per 
sauare inch
Percentage of spray pattern overlap
25 50 100 200
0 15 30 0
Nozzle
15
orientation degre 
30 0 15
es
30 0 15 30
10 33 30 36 23 27 19 29 21 16 16 18 9*
20 24 27 26 26 16 17 18 10* 15* 18 15* 13*
30 23 33 25 17 19 16 11* 11* 12* 14* 14* 12*
40 28 34 25 15* 19 14* 11* 10* 10* 7* 13* 10*
Nozzle height == 14 inches
^Acceptable CV if < 15
Table 2. Coefficient of Variation for Swirlchamber, Hollow Cone Nozzles
Pressure, 25
Percentage
50
of spray pattern overlap 
100 200
pounds per 
square inch 0 15 30
Nozzle 
0 15
orientation, 
30 0
degree 
15 30 0 15 30
10 48 41 33 71 66 42 49 44 49 29 25 9*
20 37 27 20 55 51 29 32 40 35 21 18 8*
30 25 18 15* 50 35 24 32 34 31 21 13* 9*
40 29 18 25 50 37 16 39 38 34 19 10* 6*
Nozzle height =■ 14 inches
*Acceptable CV of < 15
Table 3. Coefficient of Variation for Full Cone Nozzles
Pressure, 
pounds per 
square inch
25
Percentage
50
of spray pattern 
100
overlap
200
0 15 30
Nozzle 
0 15
orientation, degree 
30 0 15 30 0 15 30
10 17 20 15* 43 29 23 37 32 31 18 16 12*
20 13* 13* 26 21 17 10* 25 25 16 14* 11* 8*
30 25 21 37 7* 8* 15* 23 17 10* 4* 7* 5*
40 37 35 56 12* 14* 35 16 10* 9* 4* 3* 5*
Nozzle height = 14 inches 
^Acceptable CV of < 15
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Figure 1. Comparison of nozzle pattern uniformity with
three degrees of orientation for a #5 flooding 
flat-fan nozzle at 30 pounds per square inch 
and 14-inch height.
Figure 2. Comparison of nozzle pattern uniformity with 
three degrees of orientation for a #4 swirl- 
chamber nozzle at 30 pounds per square inch, 
and 14-inch height. Broken line [--] indi­
cates less than 20-inch nozzle spacing.
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Figure 3. Comparison of nozzle pattern uniformity with 
three degrees of orientation for a #10 Full 
cone nozzle at 30 pounds per square inch and
14-inch height. Broken line [--] indicates
less than 20-inch nozzle spacing.
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Economics of European Corn Borer Control
K. Steffey, D. Kuhlman, and S. Briggs
One of the more frustrating tasks that Extension entomologists in the Midwest face 
every year is convincing corn growers that the European corn borer can cause quite 
significant yield losses if economic infestations are not managed. Briggs and 
Guse (1986) examined 30 years of European corn borer survey data gathered in Illi­
nois from 1955 to 1984 and found that an average of 10 percent of the cornfields 
sampled averaged three or more overwintering corn borers per plant every year. If 
these are borers that should have been controlled, an average of three borers per 
plant could have been responsible for 9 to 15 percent yield loss (Lynch 1980) in 
those sampled fields. If our corn borer survey sample size adequately represents 
the relative situation for the entire state, then Illinois corn growers are losing 
10 to 18 bushels per acre from one million acres of corn every year. Unfortu­
nately, these figures are estimates of yield losses caused only by second genera­
tion European corn borers. Losses caused by first generation borers should be 
added if we want to know the full impact of this pest on corn in Illinois.
A review of the estimated number of acres of Illinois corn that has been treated 
for European corn borers over the last ten years reveals that an average of only 
280,000 acres was treated each year for both first and second generation corn 
borers. If both our corn borer survey estimates and our insecticide-use survey 
estimates are to be believed, we are doing a poor job of managing the European 
corn borer in Illinois.
This was never more true than in 1986. Although our annual corn borer survey had 
not been completed at the time this manuscript was being written, preliminary 
results indicated that Illinois may have one of the largest overwintering popula­
tions of European corn borer larvae within recent memory. After the wet weather 
in September and October delayed harvest in many cornfields, corn growers dis­
covered for themselves that second generation corn borer infestations were gener­
ally very large. Many fields had broken stalks and dropped ears, and the longer 
the corn was left in these fields, the more yield was lost. We don't know if all 
of these borers could have been effectively and economically controlled, but 
surely infestations in some fields could have been managed.
What are we doing wrong? Why is the European corn borer, the second most economi­
cally important corn insect pest in Illinois, allowed to rob our corn yields every 
year? The answer is simple: not enough people are looking for the corn borer
when they should be. Most infestations are either never discovered or they are 
ignored because they are discovered too late.
Now the question becomes: what are we going to do about it? Those of us in the
Cooperative Extension Service are going to continue to promote timely scouting 
programs, and we hope that the leaders in agricultural endeavors help with this 
promotion. Crop consultants, farm managers, and pesticide dealers and applicators 
can help growers understand the potential impact that European corn borers can 
have each year. If corn growers have neither the time nor the expertise to scout
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for corn borers, they can contract the service from numerous sources. Surely the 
"insurance" of a crop scout is more economically beneficial than a haphazard 
approach toward insect management.
EUROPEAN CORN BORER DAMAGE
Yield losses from both first and second generation corn borers are primarily due 
to physiological losses rather than ear drop. The majority of the yield loss is 
due to the plant’s inability to produce as well as it could because of the damage. 
Added to this physiological yield loss is the potential for excessive stalk break­
age and ear drop if harvest of infested fields is delayed.
Lynch (1980) found that the amount of yield loss caused by European corn borers 
depends on the stage of growth of the corn plants at the time of infestation. He 
collected the data shown in Table 1 over a three-year period and used four 
different hybrids to arrive at the averages.
Table 1. Corn Yield Loss Caused by European Corn Borer Infes­
tations at Various Corn Growth Stages
Plant staee
Percentage yield loss 
per borer per plant
Early whorl 5.5
Late whorl 4.4
Pre-tassel 6.6
Pollen shedding 4.4
Kernels initiated 3.0
It is obvious from these data that yield losses can be significant if the European 
corn borer infestation is heavy. However, one should heed a word of caution about 
the data presented. They represent yield loss per borer per plant, but the yield 
loss is not completely additive as the number of borers per plant increases.
It is also important to note that some corn hybrids with large yield potential and 
others that are tolerant to European corn borers can compensate for corn borer 
damage (Lynch 1980; Jarvis et al. 1986). This ability to compensate for corn 
borer damage can play a significant role, especially during years when corn 
productivity is high.
ECONOMICS
A discussion about European corn borer management is meaningless without part of 
that discussion involving economics. One of the primary reasons that most farmers 
did not bother to control corn borers in 1986 is that the dismal prices projected 
for corn forced most people to believe that the cost of control probably out­
weighed the benefits of control. This was probably true when corn prices fell to 
$1.60 to $1.70 per bushel and then continued to decline. But these prices won't 
last forever, will they? And the economic circumstances we experienced in 1986 
did not exist five years ago when European corn borers still were not being man­
aged properly in many fields.
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We have recommended control of European corn borers for several years now by 
publicizing economic thresholds. These economic thresholds are based on previ­
ously discussed research from Iowa (Lynch 1980) and have been reliable guidelines 
for many seasons. An economic threshold is the population density at which con­
trol measures should be initiated to prevent the pest density from surpassing the 
level at which the value of actual or potential damage equals the cost of prevent­
ing the damage (economic injury level).
We have always suggested that control of first generation borers is justified when 
50 percent or more of the plants have whorl-feeding damage and live borers are 
still present in the whorls. Control of second generation borers is warranted 
when you find an average of 0.5 egg mass per plant on any one scouting trip, and 
the counts for consecutive scouting trips are cumulative. These economic thres­
holds are still relevant and should prove to be reasonable guidelines when no 
other information is considered. However, today's fluctuating corn prices and 
control costs demand that we include more economics in our decisions to manage 
European corn borers.
In addition to economic concerns included in the determination of economic thres­
holds, other factors should be considered: present level of pest infestation; 
future dynamics of the pest population; the amount of damage that will be caused 
by the present infestation; and the effectiveness of the pesticide. These compo­
nents are, in turn, affected by environmental conditions, condition of the crop, 
the presence or absence of natural enemies (predators, parasites, and diseases), 
timing of pesticide application, and effectiveness of pesticide application. So 
the development of truly dynamic economic thresholds involves knowledge about many 
aspects of the pest, the ecosystem in which it lives, and the reliability of con­
trol measures.
Showers et al. (1983) published one method of calculating an economic threshold 
that includes many dynamic features. They introduced the theory of a treatment 
"window" for European corn borers. Only larvae that have not bored into the plant 
can be killed. Consequently, there is a specific time period or "window" during 
which insecticides must be applied if they are to be effective. Because egg lay­
ing in a field may last two to four weeks, insecticides must typically be applied 
before all eggs have been deposited. Otherwise larvae from eggs deposited early 
in the egg-laying period will succeed in entering the plant. The decision to 
treat, therefore, must be based on an estimate of the potential corn borer popula­
tion density in the field. The potential population density (PPD) per plant can 
be calculated as follows:
(SV) x (23) x (EM)
PPD = __________________ where,
po  ...~........
SV = the average proportion of individuals surviving through the damaging stage.
A value of 0.2 is recommended.
EM = The number of egg masses per plant. This number is determined through field 
scouting and is then multiplied by the average number of eggs per mass (a 
value of 23 eggs per mass is recommended).
PO = the proportion of the total egg compliment deposited before detection in the 
field. Researchers believe that it is unlikely that eggs can be detected 
before 5 percent are in the field, so PO = 0.05 on the first scouting trip if
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scouting is initiated at the right time. When scouting eight days later, 
assume at this time that 50 percent of the egg compliment has been laid 
(PO = 0.50).
The economic threshold can then be calculated as follows:
(CC) / (MV) 
(DL/100) x EY where,
CC = control costs ($/acre).
MV = market value for corn ($/bushel).
DL = percentage damage loss (per borer per plant) at the time of infestation.
Use Table 1 in this article to determine the appropriate percentage loss per 
borer per plant.
EY = estimated yields (bushels per acre) .
After these calculations have been completed, a treatment decision can be made by 
comparing the potential population density (PPD) to the economic threshold (ET). 
If PPD is greater than or equal to ET, then treatment is warranted.
Example: Assume the following to calculate this example.
SV = 0.2
EM = 15 per 100 plants (obtained from scouting) 
average of 23 egg masses per plant
PO = 0.5 (sampling date 8 days after initial 
detection)
CC = $16.00 per acre
MV = $1.70 per bushel
DL = 4.4 (detection during pollen shed, Table 1)
EY = 150 bushels per acre
PPD = (0.2)(23)(0.15) / 0.5 = 1.38 larvae per plant.
($16.00 per acre) / ($1.70 per bushel)
^  = (4.4 / 100) x (150 bushels per acre)
= 1.42 larvae per plant.
In this example, PPD (1.38 larvae per plant) is less than ET (1.42 larvae per 
plant) so treatment is not economically justified, or at least the decision is 
borderline. This example is very similar to the one presented by Showers et al. 
(1983) except that a lower market value for corn was used ($1.70 per bushel com­
pared with their $3.40 per bushel). Their example, using $3.40 per bushel, sug­
gested that treatment was justified. Our example reveals quite clearly how eco­
nomics can change the decision significantly.
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This series of calculations includes information about the present level of 
infestation, the future dynamics of the pest population, and the amount of damage 
that will be caused by the present infestation. Unfortunately, as Showers et al. 
(1983) admit, assumptions concerning the length of the egg-laying period (which 
influences PO), the proportion of larvae surviving, and the damage loss relation­
ships are the weakest portions of these calculations. Many entomologists through­
out the Midwest are currently working to improve this procedure.
Another weakness of the procedure is that it assumes 100 percent control of the 
corn borers. This, of course, is rarely achievable in the field, so entomologists 
at the University of Minnesota have developed a simpler calculation for making 
decisions about control of first generation corn borers:
ET (economic threshold) = Control cost / Preventable loss per borer, where
Preventable loss per borer = (expected yield x market value of corn x loss
per borer x % control).
The Minnesota entomologists suggest using 85 percent control if granules are used 
or 70 percent control if liquid insecticides are used. These, of course, are 
rough estimates based on years of insecticide efficacy data for only the currently 
labeled products that have been extensively tested in several states.
The calculated ET is then compared with the average number of larvae per plant 
obtained from field scouting. The Minnesota entomologists suggest multiplying the 
proportion of shotholed plants (0.5 for 50 percent whorl feeding) by the average 
number of larvae per shotholed plant sampled. If the average number of larvae per 
plant exceeds the calculated economic threshold (ET), a control measure is war­
ranted. Unfortunately, this calculation does not take corn borer population 
dynamics (survival, etc.) into consideration.
This procedure can also be adapted for second generation corn borer control deci­
sions by filling in appropriate figures in the following example:
Egg masses/plant x 2 larvae/egg mass = _
(cumulative (assumes survival
counts for rate of 2 borers per
2 weeks) egg mass)
Borers/plant x V * V  % loss/borer = n . L  
(see Table 1)
borers/plant
% yield loss
17. (o % yield loss x /So expected yield 
(bushels/acre)
2f=>*/ bu./acre loss
T f o H  bu/A loss x $ /.So price per bu. = $ 39-feO loss/acre
loss/acre x 7 5  % control = $ 23-70 preventable loss
(suggest 75%, granules per acre
or sprays)
$ 23 .70
$ IS J
preventable loss/acre - $ H o o  cost of control/acre = 
savings of loss per acre for the treatment.
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If the preventable loss per acre is greater than the cost of control, treatment 
would be warranted. Vice versa, if the cost of control is greater than the pre­
ventable yield loss, treatment would be economically unjustified.
All of these procedures use the decision-making approach that includes fluctuating 
market prices for corn and control costs. Each has certain strengths and weak­
nesses. Nevertheless, they are better than a shot-in-the-dark approach where no 
economic information is included in the control decision. When all is said and 
done, even the static economic thresholds mentioned previously are better than no 
knowledge at all. However, we can now insert "dollars" and population dynamics 
into our decision-making process and feel assured that we are making more econom­
ically justified decisions.
EUROPEAN CORN BORER MANAGEMENT
All of the components of a dynamic "economic threshold" are very valuable, but 
they amount to nothing if a good scouting program is not in place. Insecticide 
treatment and time of application decisions should be based on the field popula­
tion and development level of the borer. Field scouting to assess these levels is 
absolutely essential. Scouting for whorl-feeding damage and looking for European 
corn borer larvae and egg masses, although not always pleasant, is the only way to 
obtain the appropriate information for making control decisions. We must convince 
growers of this fact if we are ever going to manage corn borers properly in Illi­
nois .
Following are some thoughts to consider when you plan a European corn borer 
management program:
* Moths laying eggs for the first generation of corn borers are attracted to the 
earliest planted (tallest) fields. These fields should be first priority when 
scheduling scouting trips in June.
* Unless sprays can be directed over the row, broadcast application of granules 
is more effective for control of the first generation.
* Moths laying eggs for the second generation of borers are more highly attracted 
to fields that are pollinating and have fresh silks. These characteristics are 
often found in late-planted corn or in fields of long-season corn that have been 
heavily fertilized.
* Both granules and liquids, if properly timed, are equally effective for con­
trolling second generation borers. Some liquid insecticides can also be applied 
through overhead irrigation systems; control with these treatments has been very 
good in several trials conducted in Nebraska during the past few years.
* Timing of treatments for second generation control is especially critical. 
Occasionally, two treatments are necessary to achieve acceptable control. How­
ever, given today's economic situation, most growers would choose to apply only 
one treatment. If only one treatment is applied, we suggest that the treatment, 
if warranted, should be applied when the first eggs begin to hatch and larvae are 
visible. More yield loss occurs when the borers infest corn at the stage of pol­
len shed than at the later stage of kernel initiation.
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